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Marius  R.  Campbell,  Geologist  in  charge. 


INTRODUCTION. 

This  volume  is  the  seventh  of  a  series  that  includes  Bulletins  316, 
341,  381,  431,  471,  531,  and  541,  'Contributions  to  economic  geology 
(Part  II)"  for  1906,  1907,  1908,  1909,  1910,  1911,  and  1912,  respec- 
tively. Previous  to  1906  the  annual  '* Contributions"  consisted  of 
one  part  only  and  papers  on  mineral  fuek  were  included  with  the 
papers  on  metak  and  nonmetak  except  fuek  in  a  single  volume. 
These  earlier  volumes  are  Bulletins  213,  225,  260,  and  285,  for  1902, 
1903,  1904,  and  1905,  respectively. 

As  the  subtitle  indicates,  the  papers  included  are  of  two  classes — 
(1)  short  papers  giving  comparatively  detailed  descriptions  of 
occurrences  that  have  economic  interests  but  are  not  of  sufficient 
importance  to  warrant  a  more  extended  description ;  (2)  preliminary 
reports  on  economic  investigations  the  results  of  which  are  to  be 
published  later  in  more  detailed  form.  These  papers  are  such  only 
as  have  a  direct  economic  bearing,  aU  topics  of  purely  scientific 
interest  being  excluded.  They  have  been  grouped  according  to  sub- 
jects or  general  regions  and  each  group  has  been  issued  as  an  advance 
chapter  as  soon  as  it  was  ready. 

Brief  abstracts  of  the  Survey's  publications  of  the  year  are  given  in 
the  annual  report  of  the  Director.  The  complete  list  of  Survey  pub- 
lications affords,  by  means  of  finding  lists  of  subjects  and  of  authors, 
further  aid  in  ascertaining  the  extent  of  the  Survey's  work  in  economic 
geology. 
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ID  GAS  m  THE  NORTHERN  PART  OF  THE  CADIZ 

QUADRANGLE,  OHIO. 


By  D.  Dale  Condit. 


INVESTIGATIONS  IN  THE  AREA. 

3adiz  quadrangle  lies  in  eastern  Ohio  and  includes  parts  of 
Qi  Carroll,  and  JeflFerson  counties.  In  1902  the  region  was 
sd  by  W.  T.  Griswold,  then  of  the  United  States  Geological 
*  who  published  a  report  that  included  a  structural  contour 
the  Berea  sand.  A  few  years  later  the  same  author,  asso- 
fith  M.  J.  Munn,  made  a  study  of  the  Steubenville  quadrangle, 
ig  the  Cadiz  on  the  east,  and  of  the  Burgettstown  and  Clays- 
ftdrangl^  of  Pennsylvania.^  These  reports,  the  first  in  which 
tnpt  was  made  to  show  accurately  the  attitude  of  deep  oil 
Y  means  of  contours,  have  led  to  the  extension  of  fields  already 
the  discovery  of  several  new  oil  pools,  and,  what  is  equally 
iiit,  have  been  of  great  educational  value. 
poroBent  author  during  the  later  part  of  1912  spent  several 
in  field  work  in  the  Steubenville-Cadiz  region,  with  the 
'  object  of  collecting  data  for  a  geologic  foUo.  Considerable 
tion  concerning  oil  and  gas  was  obtained  with  a  view  to  deter- 
if  possible,  favorable  areas  for  future  prospecting.  Detailed 
on  of  the  geology  of  both  the  Cadiz  and  Steubenville  quad- 
is  reserved  for  a  later  report,  this  preliminary  paper  being 
id  to  bring  immediatcl}^  to  the  attention  of  oil  operators  and 
the  more  important  results  of  the  work.  Only  the  northern 
rds  of  the  Cadiz  quadrangle  is  shown  on  the  map  (PI.  I),  as 
it  area  receives  attention  in  this  paper. 

[,  W.  T.,  The  Bcrea  grit  oil  sand  in  the  Cadiz  quadrangle,  Ohio:  U.  S.  Geol.  Sun-ey  Bull.  198, 

I,  W.  T.,  and  Munn,  M.  J.,  Geology  of  oil  and  gas  fields  in  Steubenville.  Burgettstown,  and 
oadnngleB:  U.  8.  Oeol.  Survey  Bull.  318, 190  pp.,  1907. 
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The  stratigraphy  of  the  area  has  been  discussed  in  detail  in  previous 
reports  .and  only  a  brief  outhne  is  needed  here.  The  surface  rocks 
beIonj^;aii.'the  Conemaugh  and  Monongahela  formations  of  the  Car- 
.boilif^rous  system.  The  Pittsburgh  coal,  which  is  the  basal  bed  of  the 
,^  \  'Monongahela  formation,  appears  near  the  top  of  the  hills  at  Rich- 
'".mond,  East  Springfield,  and  Germano,and  is  the  principal  source  of 
fuel  for  the  country  people. 

Beneath  the  Pittsburgh  coal  lies  the  Conemaugh  formation,  which 
comprises  about  470. feet  of  sandstone,  sandy  shale,  and  clay,  much 
of  which  is  brick  red,  and  a  few  coal  and  limestone  beds  of 
httle  economic  importance.  The  most  noteworthy  stratum  is  the 
Ames  or  '^Crinoidal''  limestone  member,  which  Ues  210  to  225  feet 
below  the  Pittsburgh  coal.  It  consists  of  one  or  more  layers,  having 
a  total  thickness  of  2  to  10  feet,  and  can  easily  be  recognized  by  the 
abundance  of  crinoid  stems  it  contains. 

The  Allegheny  formation,  underlying  the  Conemaugh,  is  known 
only  from  drill  records  in  the  Cadiz  quadrangle,  but  its  upper  part 
may  be  seen  in  outcrop  along  the  valley  of  Yellow  Creek  a  Uttle  north 
of  the  area  mapped.  It  is  the  great  coal-bearing  formation  of  the 
Appalachian  coal  basin,  and,  although  only  a  Uttle  more  than  250 
feet  thick  in  eastern  Ohio,  it  includes  numerous  coal  and  clay  beds  of 
great  economic  importance.  One  of  these  coal  beds  is  extensively 
mined  at  Amsterdam  by  shafting. 

The  knowledge  of  deeper  strata  is  derived  from  well  records.  The 
Allegheny  formation  is  underlain  by  the  Pottsville  formation,  which 
comprises  about  150  feet  of  sandstone  and  sandy  shale,  including  a  few 
coal  and  clay  beds.  The  Pottsville  is  the  basal  formation  of  the 
Pennsylvanian  series  C' Coal  Measures")  and  rests  upon  Mississippian 
Gower  Carboniferous)  strata. 

The  Mississippian  strata  m  the  region  are  probably  somewhat  less 
than  700  feet  thick  and  consist  of  sandy  shale  and  several  porous 
sandstone  beds,  which  constitute  reservoirs  for  petroleum  and  natural 
gas.  Near  their  top  is  a  thick,  coarse  sandstone  best  known  among 
drillers  as  the  Big  Injun  sand,  and  about  350  feet  lower  is  the  Bcrea 
sand,  which  is  the  great  oil  sand  of  eastern  Ohio.  It  is  beUeved  to  be 
the  same  as  the  famous  Berea  sandstone  quarried  at  Cleveland.  Few 
wells  have  been  drilled  deeper  than  the  Berea  sand  and  knowledge  of 
lower  rocks  of  the  region  is  slight. 

The  distance  from  the  Berea  sand  to  the  Pittsburgh  coal  varies 
rather  widely,  ranging  from  1,450  to  1,530  feet  in  the  area 
mapped  to  over  1,600  feet  a  few  miles  beyond  the  southeastern 
border.  This  irregularity  is  due,  in  part,  at  least,  to  an  unconformity 
at  the  base  of  the  Pennsylvanian  strata.  Near  the  end  of  Missis- 
•"^ppian  time  the  surface  was  exposed  to  erosion  for  an  indefinite 
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period,  developing  an  uneven  surface  upon  which  the  Pottsville 
formation  of  the  Fennsylvanian  was  laid  down.  This  ancient  land 
surface  has  been  recognized  at  numerous  places  along  the  outcrop  of 
these  beds  in  central  Ohio  and  northwestern  Pennsylvania. 

Two  well  records  are  given  to  illustrate  the  general  succession  of 
rocks  as  reported  by  the  driller. 

Well  No.  273,  on  the  L.  D.  Rhinehart  farm,  one-half  mile  from 
East  Springfield,  starts  71  feet  below  the  Pittsburg  coal,  which  out- 
crops along  the  road  a  few  rods  to  the  north. 

Log  of  well  No.  t7S  {No.  1  on  L.  D.  Rhinehart  farm  at  East  Springfield). 
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The  record  of  well  No.  690  (No.  7  on  the  J.  Rutledge  faim  in  sec. 
13,  Springfield  Township)  is  not  complete,  but  it  is  given  to  show 
the  position  of  the  Berea  sand  with  reference  to  the  Salt  sand  and 
Big  Injun  sand,  both  of  which  are  in  eastern  Ohio  locally  oil  and  gas 
bearing,  although  of  far  less  importance  than  the  Berea. 

Log  of  well  No.  690  (No.  7  on  the  J.  Rutledge  far^y  sec.  IS,  Springfield  Township). 
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OIL  AND  GAS  SANDS. 

The  region  included  in  the  Cadiz  quadrangle  and  the  adjacent 
area  in  eastern  Ohio  is  really  a  "one-sand"  country,  for  practically 
all  of  the  oil  comes  from  the  Berea  sand.  Other  sands  of  local  im- 
portance are  the  Second  Cow  Run,  the  Salt,  and  the  Big  Injun. 
Their  positions  with  reference  to  the  Berea  sand  are  shown  in  the 
two  well  records  given  above.  The  Big  Injun  sand  contains  a  small 
amount  of  oil  and  is  productive  at  Osage  in  the  northwestern  part 
of  the  Steubenville  quadrangle.  The  Salt  sand  yields  gas  a  few 
miles  south  of  Richmond.  The  Second  Cow  Run  sand  is  supposed 
to  contain  a  small  oil  pool  near  Unionport  and  is  said  to  yield  consid- 
erable gas  in  the  Kilgore  field,  about  4  miles  west  of  Amsterdam. 

The  Berea  sand,  as  shown  in  the  record  of  well  No.  690,  consists 
of  several  parts.  At  the  top  is  thie  hard  impervious  ''lime  cap"  of 
drillers,  which  has  a  variable  thickness,  measuring  5  to  10  feet  at 
Richmond  and  20  to  30  feet  at  the  Amsterdam,  Kilgore,  and  Jewett 
pools.  Beneath  the  lime  cap  is  the  First  sand — a  white,  even- 
grained  sandstone  4  to  12  feet  thick  in  producing  wells.  In  many 
"dry"  holes  no  pay  sand  is  found,  the  entire  Berea,  30  to  60  feet 
thick,  consisting  of  dense,  dark,  impervious  rock  similar  to  the 
lime  cap. 

Throughout  a  considerable  portion  of  the  western  half  of  the  area 
mapped  the  Berea  has  two  pay  sands,  which  are  designated  First  and 
Second  by  drillers  and  are  separated  by  a  shale  "break"  several  feet 
thick.  The  Second  sand,  which  lies  about  45  feet  below  the  top  of  the 
Berea,  is  much  less  persistent  than  the  First  sand,  but  has  proved  to 
be  equally  or  even  more  productive  where  present.  It  is  found  in 
most  of  the  wells  in  the  vicinity  of  Amsterdam,  is  fairly  persistent  in 
the  greater  part  of  Springfield  and  Loudon  townships,  and  has  been 
found  as  far  south  as  the  Harrison-Carroll  county  line. 

The  development  of  the  great  Scio  oil  field,  situated  a  few  miles  west 
of  the  area  mapped,  is  of  interest  in  this  connection.  At  first  oil  was 
obtained  there  solely  from  the  First  sand,  and  the  existence  of  the 
Second  sand  was  unknown.  Gradually  the  flow  diminished,  and  in  the 
hope  of  restoring  it  a  number  of  the  holes  were  cleaned,  drilled  a  few 
feet  deeper,  and  reshot.  To  the  great  surprise  of  the  drillers  the  pro- 
duction was  greatly  increased,  in  some  wells  to  an  amount  greater 
than  ever  before.  Thus  the  existence  of  a  second  pay  sand  in  the 
Berea  became  known. 

It  is  possible  that  an  undiscovered  Second  pay  sand  may  exist  in 
the  Cadiz  quadrangle  also,  even  in  areas  where  considerable  drilling 
has  been  done.  Scarcely  a  single  well  south  of  the  Harrison-Carroll 
county  line  penetrates  deeply  enough  into  the  Berea  to  prove  the 
presence  or  absence  of  the  Second  sand;  and  it  is  significant  that  the 
Second  sand  is  productive  in  the  Maxwell  pool  near  the  town  of 
Cadiz,  about  12  miles  south  of  the  Carroll  County  line. 
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STBUCTUBE. 

By  geologic  structure  is  meant  the  attitude  of  the  strata  or  their 
position  with  reference  to  a  datum  plane.  The  best  method  of 
showing  the  structure  of  coal  beds  and  of  oil  or  gas  sands  is  by  a  map 
on  which  are  drawn  lines  representing  contours  connecting  points 
of  equal  altitude.  The  structure  of  the  Berea  sand  is  shown  in  Plate 
I  by  contoiUB  having  intervals  of  10  feet,  the  datum  being  a  surface 
1,000  feet  below  and  parallel  with  sea  level. 

At  many  points  in  the  Cadiz  quadrangle  the  altitude  of  the  Pitts- 
burgh coal  above  sea  level  was  determined  by  spirit  leveling.  In 
areas  where  this  coal  is  not  present,  as  where  it  has  been  removed 
by  erosion  along  the  structural  arch  known  as  the  Salem  anticline, 
its  position  is  calculated  from  that  of  the  Ames  limestone,  which 
outcrops  about  220  feet  lower.  Altogether,  its  altitude  was  deter- 
mined at  hundreds  of  places  and  its  structure  or  "lay"  shown  by 
contour  lines  drawn  through  points  of  equal  altitude.  From  this 
structural  map  the  structure  of  strata  at  and  near  the  surface  in  this 
r^on  may  be  inferred  with  considerable  accuracy,  because  all  of 
them  lie  approximately  parallel  to  it.  The  Berea  sand,  however,  lies 
so  deep  and  its  distance  below  the  Pittsburgh  coal  varies  so  widely 
from  place  to  place  that  its  structure  map  of  the  coal  will  not  apply 
to  the  sand  directly.  By  taking  account,  however,  of  the  ever-varying 
interval  between  the  Berea  and  the  Pittsburgh,  as  shown  by  well 
records,  an  accurate  structural  map  of  the  oil  sand  differing  consid- 
erably from  that  of  the  coal  may  be  deduced.  The  difference  in  the 
position  of  the  contours  on  Plate  I  and  on  Griswold's  map  ^  is  due 
largely  to  corrections  made  possible  by  new  well  records. 

The  Appalachian  coal  field  is  a  great  canoe-shaped  basin  into  which 
the  rocks  slope  from  all  sides.  Eastern  Ohio  lies  on  the  west  side  of 
this  basin,  hence  the  prevailing  dip  is  southeastward.  Numerous 
wrinkles  or  folds  in  the  strata  along  the  slopes  of  the  basin  give  anti- 
clines and  synclines  which  cause  local  flattenings  and  even  reversals 
of  the  dip,  but  whose  effects  are  very  insignificant  when  the  basin  is 
considered  as  a  whole.  Their  influence,  however,  in  the  accumula- 
tion of  petroleum  and  natural  gas  has  long  been  known  and  for  this 
reason  their  accurate  mapping  is  important  to  the  oil  operator. 

In  the  Cadiz  quadrangle  the  most  important  structures  so  far  as 
oU  is  concerned  are  the  Germane  synclinal  basin  and  the  broad  Salem 
anticline  which  occupies  much  of  the  central  portion  of  the  area 
mapped.  These  folds  trend  approximately  northeast  and  south- 
west, thus  according  with  the  general  direction  of  folds  in  the  Appala- 
chian region.  The  flank  of  the  Salem  anticline  dips  southeastward 
with  fair  regularity  for  many  miles,  being  interrupted  only  by  undu- 

1  The  Berea  gril  oil  sand  In  the  Cadiz  quadrangle,  Ohio:  U.  S.  Geol.  Survey  Bull.  198,  PI.  1, 1902. 
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lations  that  suggest  cross  folding.  Along  the  crest  rise  several  minor 
domes,  the  highest  of  which  is  near  the  village  of  Salem.  A  promon- 
tory-like area  extends  eastward  beyond  Richmond,  immediately  north 
of  which  lies  a  shallow  depression,  adjacent  to  a  low  ''saddle"  in  the 
Salem  anticline. 

The  Germano  basin  lies  west  of  the  Salem  anticline  and  is  a  canoe- 
shaped  depression  whose  axis  lies  near  the  village  of  Germano.  Its 
southwestern  portion  is  constricted  by  a  westward  extension  of  the 
Salem  arch,  along  which  lies  the  Jewett  oil  pool.  Northwestward 
from  the  basin  the  rocks  rise  rapidly  to  the  crest  of  another  arch 
about  2  miles  beyond  Amsterdam. 

SALT- WATER  SATURATION. 

It  is  generally  conceded  that  the  structure  of  the  rocks  is  an  impor- 
tant factor  in  the  accumulation  of  oil  and  gas  and  that  a  contour 
map  showing  the  anticlijaal  and  synclinal  folds  of  a  region  is  indis- 
pensable for  the  intelligent  selection  of  favorable  territory  for  drilling. 
But  the  extent  to  which  the  sand  is  saturated  with  salt  water  is  also 
important  and  should  be  known  to  anyone  making  a  location.  It 
has  been  f otmd  that  there  is  an  upper  limit  of  saturation  of  the  various 
sands  and  that  there  has  been  a  widespread  accumulation  of  oil  at 
tins  water  line.  In  the  Berea  sand  the  water  line  varies  considerably 
in  altitude  from  place  to  place.  Well  No.  249  near  Richmond,  which 
struck  the  Berea  a  little  above  the  740-foot  contour  (260  feet  below 
sea  level)  is  reported  to  be  .water  bearing.  But  well  No.  242,  which 
fotmd  the  Berea  a  little  above  the  790-foot  contour,  gives  gas.  In 
the  Ilopedale  field,  3  miles  southeast  of  Cadiz  Junction  and  beyond 
the  area  represented  on  the  map,  a  strong  flow  of  salt  water  is  en- 
countered in  the  wells  reaching  the  Berea  sand  at  the  730-foot  con- 
tour and  gas  appears  in  wells  reaching  it  at  the  775-foot  contour. 
In  the  Jewett  pool  the  water  line  is  somewhat  higher,  salt  water  being 
found  at  the  780-foot  contour  and  gas  at  the  800-foot  contour.  Evi- 
dently the  upper  limit  of  salt  water  rises  northward  across  the  Ger- 
mano basin,  for  well  No.  225  (near  Amsterdam),  in  which  the  top  of 
the  Berea  sand  lies  near  the  800-foot  contour,  yielded  much  salt 
water. 

The  altitude  of  the  water  line  in  the  Berea  sand  thus  varies  con- 
siderably from  place  to  place,  but  becomes  progressively  higher 
northward.  Its  rise  is  gradual  along  both  sides  of  the  Salem  anti- 
cline, but  differs  considerably  on  the  two. 

The  importance  of  knowing  definitely  the  extent  of  saturation  of 
the  oil  sand  is  demonstrated  by  the  oil  pools  in  the  Cadiz  and  Steu- 
benville  quadrangles.  Many  of  these,  including  the  Island  Creek, 
Pekin,  Knoxville,  and  Osage,  follow  more  or  less  closely  the  strike 
of  the  rocks  and  maintain  a  definite  relation  to  the  water-bearing 
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portion  of  the  Berea  sand.  Were  it  jiot  for  the  impervious  areas  in 
the  oil  sand  which  prevent  free  circulation;  the  depth  to  the  water 
line  would  be  an  almost  unerring  guide  to  the  depth  at  which  the 
pools  should  be  sought.  Unfortunately,  however,  the  condition  of 
the  sand  governs  in  part  the  location  of  the  pools  and  must  be  con- 
sidered in  seeking  them. 

Many  pools  occur  both  above  and  below  the  water  table,  as  is  illus- 
trated by  a  number  of  producing  areas  in  the  Steubenville  quadrangle 
and  elsewhere.  It  is  noteworthy,  however,  that  even  in  areas  where 
the  oil  sand  lies  below  the  level  of  satiu*ation,  many  oil  pools  closely 
follow  the  strike  of  the  rocks  for  several  miles.  Such  occurrences 
suggest  that  the  water  level  fluctuated  dming  former  geologic  ages, 
and  that  each  hydrostatic  condition  was  accompanied  by  the  accmnu- 
lation  of  oil. 

From  evidence  obtained  in  areas  not  shown  on  Plate  I  the  following 
generalizations  can  be  made:  (1)  In  areas  where  the  sand  lies  well 
above  the  water  line,  the  oil  occurs  in  very  irregular  pools,  the  shapes 
and  dimensions  of  which  are  controlled  by  the  porosity  of  the  sand 
rather  than  by  the  direction  of  dip.  It  is  well  known  that  the  Berea 
sand  is  for  the  most  part  only  slightly  permeable  and  that  the  oil  pools 
Ue  at  favored  places  where  it  is  locally  of  more  open  texture.  Occur- 
rences on  anticlinal  slopes  above  the  water  line  represent  permeable 
areas  in  which  the  oil  is  retained  by  an  adjoining  impermeable  sand. 
(2)  The  greater  number  of  oil  pools  found  at  or  near  water  line  lie  in 
''embayments"  along  the  flanks  of  anticlines  rather  than  on  anti- 
clinal ''noses"  or  promontory-like  structures.  This  fact  has  an 
important  bearing  on  prospecting  and  is  also  of  considerable  interest 
as  suggesting  that  the  water  line  has  in  comparatively  recent  geologic 
time  receded  from  a  higher  level.  (3)  In  pools  below  the  water  line 
the  oil  as  a  rule  follows  more  or  less  closely  the  strike  of  the  rocks  for 
some  distance,  suggesting  that  the  pools  are  the  result  of  one  or  more 
ancient  and  lower  water  levels,  each  of  which  produced  a  correspond- 
ing accumulation  of  oil. 

POOLS  OF  THE  AREA. 

AMSTBBDAM  AND  VICINITY. 

The  Amsterdam  pools  are  the  most  recently  discovered  in  the  Cadiz 
quadrangle,  and  the  prospects  for  important  extensions  and  new 
developments  are  good.  Both  the  First  and  Second  sands  of  the 
Berea  are  productive,  some  wells  producing  from  both.  The  maxi- 
mum production  of  wells  in  the  First  sand  is  about  30  barrels  a  day, 
but  several  in  the  Second  sand  are  reported  to  yield  150  to  200  barrels. 

The  wells  along  the  Yellow  Creek  valley  southwest  of  Amsterdam 
are  in  the  First  sand,  but  some  in  the  northwest  corner  of  sec.  24, 
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Springfield  Township,  draw  from  both  sands.  Nearly  all  of  the  oil 
produced  in  sec.  30,  London  Township,  comes  from  the  Second  sand. 
The  same  is  true  of  the  gas  wells  to  the  northwest  in  sees.  25,  31, 
and  32,  and  also  farther  west  near  the  village  of  Kilgore,  which  lies 
just  beyond  the  edge  of  the  area  mapped.  About  one-fourth  mile 
beyond  Kilgore  is  another  oil  pool. 

Much  of  the  gas  in  the  Kilgore  field  comes  from  the  Second  Cow 
Run  sand. 

The  Second  sand  of  the  Berea  has  been  noted  in  wells  2  miles  south 
of  the  gas  field  in  sees.  25  and  31,  London  Township.  A  slight 
''showing''  of  gas  and  oil  was  found  in  well  No.  362.  The  Second 
sand  was  recorded  in  well  No.  361,  but  was  not  found  in  well  No.  364. 
Northward  from  the  gas  field  the  occurrence  of  the  Second  sand  is 
uncertain.  It  is  productive  in  well  No.  628,  in  sec.  2,  but  is  missing 
in  well  No.  627.  Some  gas  has  been  found  in  wells  Nos.  624,  239, 
618,  and  717,  near  the  north  edge  of  the  quadrangle,  but  is  said  to 
come  from  the  First  sand  of  the  Berea  in  all  of  them. 

South  of  the  above-mentioned  gas  field  lies  an  untested  area  which 
appears  structurally  favorable  for  yielding  both  oil  and  gas.  The 
sand  in  the  Kilgore  oil  pool  lies  at  about  the  870-foot  contour.  The 
productive  area  is  located  on  the  west  flank  of  the  anticlinal  "nose," 
which  separates  it  from  the  Amsterdam  pool.  An  extension  of  the 
Amsterdam  pool  along  the  same  level  would  lead  southwestward 
between  the  dry  holes  Nos.  667  and  668.  Wells  Nos.  643,  653,  and 
666  are  said  to  have  a  good  development  of  the  First  sand  in  the 
Berea;  hence  there  is  a  possibility  of  production  from  it  as  well  as 
from  the  Second  sand.  Well  No.  636,  although  lying  considerably 
higher  on  the  anticline  than  the  oil  wells  to  the  east  and  west,  is 
reported  to  yield  considerable  oil  along  with  the  gas.  The  valley  of 
Elk  Fork  in  sec.  36  and  the  northern  part  of  sec.  6  to  the  west  are 
suggested  as  favorable  territory  for  the  search  for  both  oil  and  gas. 
Gas  may  also  be  expected  in  sec.  25,  provided  the  sand  is  good. 

All  the  wells  in  the  immediate  vicinity  of  Amsterdam,  as  well  as 
those  a  mile  northeastward  along  the  valley  of  Yellow  Creek,  probably 
draw  from  the  First  s«uid  of  the  Berea.  All  are  moderate  producers, 
6Uid  start  at  2  to  10  barrels.  A  good  development  of  the  Second 
sand,  which  is  gas  bearing^  was  found  in  well  No.  690  and  in  several 
others  near  by.  In  the  oil  wells  to  the  southeast,  near  Wolf  Run,  the 
Second  sand  likewise  has  gas,  but  is  also  oil  bearing,  and  is  said  to 
furnish  much  of  the  yield.  Apparently  it  is  only  a  matter  of  time 
until  the  Wolf  Run  area  is  joined  with  that  to  the  northwest  by  a 
continuous  line  of  producing  wells.  The  structure  in  the  territory 
toward  the  east  in  sec.  1  appears  favorable  for  prospecting,  and  may 
yield  from  both  sands.  Well  No.  282  was  drilled  only  to  the  First 
sand,  and  gave  a  showing  of  oil.    Much  untested  territory  lies  farther 
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east.  Well  No.  279  found  a  hard  sand.  Well  No.  266  is  dry  in  the 
Berea,  but  gave  a  showing  of  oil  in  the  Big  Injun  sand.  Well  No.  269> 
in  sec.  14,  Ross  Township,  gave  a  showing  of  oil  28  feet  below  the  top 
of  the  Berea. 

BICHMOKD  AND  VICINITY. 

The  pay  sand  of  the  Berea  in  the  gas  wells  at  Richmond  is  less  than 
4  feet  thick,  and  lies  5  to  10  feet  below  the  top  of  the  Berea.  The 
structure  to  the  south  appears  the  most  favorable  for  oil,  but  a  poor 
sand  is  reported  in  the  several  dry  holes  that  have  been  drilled.  Well 
No.  302  gave  a  showing  of  oil  and  gas,  and  Nos.  305  and  306  a  showing 
of  gas.  Well  No.  247,  of  which  no  record  was  obtained,  was  drilled 
at  a  location  theoretically  good,  but  penetrated  a  s«uid  reported  as 
dense  and  impervious,  and  found  no  oil.  Considerable  drilling  has 
been  done  recently  on  the  Kilgore  and  neighboring  farms  east  of 
Richmond  and  just  beyond  the  edge  of  the  area  mapped,  and  both 
oil  and  gas  have  been  found.  On  the  Kilgore  farm  a  2-barrel  oil  well, 
from  which  2  barrels  of  salt  water  were  also  pumped  daily,  found  the 
sand  at  about  the  730-foot  contour.  Oil  and  gas  are  associated  in  a 
well  half  a  mile  north  and  a  little  higher  structurally.  The  failure 
to  obtain  oil  or  gas  in  holes  drilled  a  little  southwest  of  this  well  is 
attributed  to  the  hardness  of  the  sand.  These  facts  give  little 
encouragement  for  the  finding  of  much  oil  in  the  vicinity  of  Richmond. 

Drilling  near  East  Springfield  and  Salem  has  given  uniformly 
unfavorable  results,  disclosing  at  best  only  a  sHght  showing  of  oil  or 
gas.  Well  No.  741,  recently  completed  near  Salem,  is  added  to  the 
long  list  of  dry  holes  in  that  region,  and  the  sand  is  reported  as  very 
inferior  and  compact.  It  seems  improbable  that  either  oil  or  gas 
will  be  found  in  the  higher  portion  of  the  Salem  anticline.  The  east 
and  west  slopes  of  the  Germano  basin  are  suggested  as  more  Ukely 
territory  for  prospecting,  although  locations  can  not  be  definitely 
specified.  There  should,  however,  be  an  accumulation  of  oil  at  the 
upper  limit  of  salt  water,  which  is  at  or  near  the  800-foot  contour.  A 
showing  of  oil  has  been  reported  in  wells  Nos.  209,  236,  and  320. 
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GAS  FROM  MUD  LUMPS  AT  THE  MOUTHS  OF  THE 

MISSISSn>PI, 


By  E.  W.  Shaw. 


MUD  liUMPS. 

The  development  of  ''mud  lumps"  at  the  mouths  of  the  Mississippi 
is  generally,  if  not  always,  accompanied  by  the  formation  of  mud 
springs,  from  which  considerable  quantities  of  combustible  gas  escape, 
suggesting  that  gas  lb  the  primary  agent  of  mud-lump  upheaval  and 
that  it  may  exist  in  large  and  valuable  pools  beneath  the  surface. 
Several  companies  have  considered  sinking  test  wells,  and  one  com- 
pany has  sunk  a  well  designed  as  a  test  to  a  depth  of  about  2,000  feet 
at  "The  Jump,"  a  few  miles  above  the  Head  of  the  Passes.  Small 
amoimts  of  gas  were  foimd  at  several  different  depths  in  this  well,  but 
not  in  conmiercially  important  quantities.  However,  the  well  was 
not  located  on  a  recently  active  lump  and  perhaps  not  even  on  or 
near  an  old  one. 

The  present  report,  which  is  based  on  a  preliminary  examination  of 
the  mud  lumps,  made  by  the  writer  in  November,  1912,  sets  forth  the 
principal  facts  which  seem  to  have  a  bearing  on  the  possible  existence 
in  these  places  of  valuable  accumulations  of  gas. 

The  mud  lumps  of  the  Mississippi  are  great  swellings  of  soft  bluish- 
gray  clay  which  rise  in  the  shallow  water  near  the  mouths  of  the  river, 
conmionly  forming  islands  with  a  surface  extent  of  an  acre  or  more 
and  a  height  of  5  to  10  feet.  The  lumps  are  roimded  or  elliptical  at 
first,  but  are  soon  carved  into  irregularity  and  are  sometimes  cut  in 
twain  by  wave  action.  Their  period  of  growth  ranges  from  a  few 
hours  to  several  years  and  is  commonly  irregular.  Generally  a  mud 
lump  rises  in  a  few  weeks  or  months  to  a  height  of  4  or  5  feet  above 
the  surface  of  the  water.  Then  it  remains  quiescent  and  is  beaten 
down  by  the  waves  in  the  coiu^e  of  a  few  years.  Those  which  rise 
slowly  are,  of  coiu^e,  considerably  worn  before  they  stop  growing. 
Those  which  rise  more  rapidly  and  in  protected  places  bear  a  cap  of 
laminated  silt  having  a  maximum  thickness  of  10  or  15  feet. 

The  structure  of  the  mud  lumps  appears  to  be  comparable  to  that 
of  bysmaliths.    A  dark  bluish-gray  clay  of  medium  stiffness  and 
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great  stickiness  forms  the  central  core.  Upon  and  around  this  core 
is  a  series  of  faulted  and  folded  strata  of  sand  and  silt  which  have  been 
carried  up  from  the  sea  bottom  and  deformed  in  the  upheaval. 
Fissures  are  numerous  and  faults  are  normal,  beautiful  examples  of 
block  faults  being  common.  A  peculiarity  of  many  of  the  new  mud 
lumps  is  that  the  surface  resembles  a  plowed  field  with  irregular 
furrows  in  every  direction.  This  effect,  which  has  excited  much 
wonder,  appears  to  be  the  result  of  slight  erosion  of  an  extensively 
fisstu'ed  surface. 

MUD  SPRINGS. 

Among  the  most  conspicuous  and  impressive  features  of  the  lumps 
are  the  mud  springs,  which  are  active  on  many,  though  not  on  all,  of 
the  lumps.  The  discharge  from  these  springs  consists  of  salt,  watery 
mud  (sludge)  and  gas.  The  amount  of  sludge  discharged  is  very 
small  and  the  flow  of  gas  is  less  than  10  cubic  feet  an  hour.  The 
mud  accumulates  aroimd  the  vents  and  forms  cones  ranging  from  a 
few  inches  to  several  feet  in  height  and  having  a  rather  striking 
resemblance  both  in  form  and  explosiveness  to  miniature  volcanoes. 

Careful  examination  reveals  the  fact  that  many  and  perhaps  all  of 
the  gas-mud  springs  are  closely  associated  with  fissiu^es.  Commonly 
the  fissures  are  so  obliterated  that  it  is  difficult  to  make  sure  of  this 
fact,  but  on  the  freshest  lumps  both  the  association  and  the  absence 
of  mud  springs  between  fissures  are  evident.  It  seems,  therefore, 
that  when  a  lump  is  pushed  up,  the  upper  part,  especially  the  sand 
and  silt  cap,  is  somewhat  extensively  fissured.  Water  rises  in  the 
fissures  at  least  to  the  level  of  the  sea,  and  gas  bubbles  rise  through 
the  water,  causing  erosion  of  the  sides  of  the  fissure.  In  certain 
favorable  locations,  along  fissures  where  conditions  are  just  right,  the 
rise  of  gas  bubbles  through  the  water  causes  sufficient  erosion  to  keep 
a  vent  open  long  after  the  remainder  of  the  fissure  closes  entirely. 
The  delta  materials  contain  a  large  amoimt  of  both  marsh  gas  and 
water,  so  that  wherever  a  hole  a  few  feet  deep  is  made  it  almost  im- 
mediately fills  with  water  and  bubbles  with  gas. 

COMPOSITION  OF  THE  GAS. 

Two'samples  of  gas  were  collected  from  mud  springs  and  on  analysis 
were  found  to  consist  principally  of  marsh  gas  (CHJ  with  some  oxygen, 
nitrogen,  and  carbon  dioxide. 
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Analyses  ofgasfrcm  mud  lumps  at  mouth  of  Mississippi  River, 
[  George  A.  Burrell,  Bureau  of  Mines,  analyst.] 


Laboratory   No.   3149.    2^ 
miles  southeast  of  Pass 
a  Loutre  lighthouse.  Size 
of  sample  at  atmospheric 
pressure  about  0.1  cubic 
foot. 

Laboratory    No.    3150.    3 
miles  west  of  Burrwood, 
La.    Size  of  sample  at 
atmospheric   pressure 
about  0.5 cubic  foot. 

As  received. 

Air  free.i 

As  received. 

Air  free. 

COt 

4.98 

L38 

.00 

77.05 

16.59 

5.22 

.00 

.00 

82.50 

12.28 

2.14 

2.70 

.00 

84.50 

10.66 

2.42 

Oj 

.00 

CO 

.00 

CH4 

97.02 

Ni 

.56 

Heating  value  per  cubic  foot  at  0*  C.  and  760 
mm       X ...  X  a     xBrltish  thermal  unlt*f . . 

100.00 

100.00 
879 

100.00 

100.00 
1.033 

1  Assuming  that  the  O  and  part  of  the'N  got  into  the  sample  in  the  form  of  air,  either  before  or  after  the 
sample  was  collected . 

The  samples  were  collected  with  considerable  care  by  displace- 
ment of  water  from  a  large  bottle,  which  was  held  inverted  over  the 
vent  with  the  mouth  just  below  the  water  surface.  A  6-inch  fxmnel 
was  used  to  guide  the  gas  into  the  bottle. 

Sample  No.  3149  was  taken  from  a  spring  about  the  middle  of  the 
south  half  of  the  eighth  lump  southeast  of  Pass  a  Loutre  lighthouse. 
The  surface  of  the  sludge  in  the  spring  was  about  4  feet  above  mean 
tide.  The  other  sample,  No.  3150,  was  taken  on  the  west  side  of 
Big  Cactus  lump  from  a  vent  which  is  barely  covered  at  low  tide. 
No  water  or  mud  seemed  to  be  flowing  from  this  vent. 

The  results  of  the  analyses  are  believed  to  show  correctly  the  gen- 
eral composition  of  the  gas  at  the  particular  vents  where  the  samples 
were  taken.  It  should  be  borne  in  mind,  however,  that  gas  from 
other  vents  may  possibly  have  a  very  different  composition.  Even 
in  the  analyses  given  it  may  be  that  owing  to  the  fact  that  different 
gases  have  different  degrees  of  solubility  in  water  the  amounts 
stated  are  not  exactly  correct.  Water  under  ordinary  conditions  of 
temperature  and  pressure  dissolves  about  2  per  cent  of  nitrogen,  4 
per  cent  of  oxygen,  and  179  per  cent  of  carbon  dioxide.  For  this 
reason  the  bottJes  were  filled  with  water  from  the  throats  of  the  vents, 
for  that  was  probably  nearly  saturated  with  gas,  particularly  the 
water  used  in  collecting  sample  No.  3149.  If  pure  water  had  been 
used,  the  results,  especially  for  those  gases  present  in  relatively  small 
amount,  would,  no  doubt,  have  been  very  different. 

The  analyses  seem  to  indicate  that  the  gas  is  not  of  deep-seated 
origin,  but  has  developed  within  a  few  feet  of  the  surface,  for  certain 
hydrocarbons  commonly  present  in  gases  found  deep  in  the  earth  are 
lacking.  The  principal  constituent,  methane  (CH^),  emanates  from 
most  if  not  all  marshes  and  generally  carries  with  it  minor  and  variable 
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amounts  of  nitrogen,  oxygen,  and  carbon  dioxide,  all  of  which  are 
produced  in  the  decay  of  vegetable  matter.  Natural  gas  associated 
with  petroleum  generally  contains  other  hydrocarbons,  particularly 
ethane,  the  amoimt  of  which  ranges  from  a  trace  up  to  15  per  cent 
or  more.  Some  gases  foxmd  in  deep  wells  are,  however,  practically 
pure  methane.  Ethane  and  ethylene,  on  the  other  hand,  have  rarely 
if  ever  been  found  in  marshes.  Hence,  it  appears  probable,  though 
not  certain,  that  the  gas  from  the  mud  lumps  is  produced  in  the  ordi- 
nary reduction  process,  which  affects  plant  material  in  marshes. 

CONCIiUSIONS. 

It  seems  improbable  that  the  mud  lumps  are  forced  up  by  natural 
gas  for  the  following  reasons: 

(1)  As  Lyell  and  Hilgard  long  ago  pointed  out,  the  amount  of  gas 
given  off  seems  too  small  to  accomplish  such  results.  There  is  no 
reliable  report  of  a  flow  more  rapid  than  about  10  cubic  feet  an  hour. 

(2)  If  the  mud  lumps  were  forced  up  by  gas  one  might  expect  the 
rate  of  growth  to  increase  rapidly  and  explosions  to  be  common. 

(3)  The  lumps  are  composed  largely  of  clay,  which  seems  to  be 
present  nowhere  else  in  the  delta  in  such  thick  beds.  If  their  up- 
heaval were  due  to  natural  gas  the  more  fluid  beds,  such  as  clay, 
would  probably  be  thinned  instead  of  thicketied. 

(4)  The  lumps  seem  to  have  a  close  relation  to  the  mouths  of  the 
river,  being  most  common  to  the  west  and  within  2  or  3  miles  of  the 
end  of  a  pass.  They  are  also  more  active  at  and  following  times  of 
high  water. 

Though  the  mud  lumps  and  gases  probably  can  not  be  taken  as 
indicating  valuable  pools  of  gas  below,  neither  they  nor  any  other 
known  circimistance  in  the  region  can  be  taken  as  contrary  evidence. 
It  is  very  probable  that  only  a  part  of  the  marsh  gas  escapes  and  that 
some  is  entrapped  in  the  silt  which  is  continually  accumulating  on 
the  delta.  The  gas  which  has  thus  been  buried  in  the  thousands  of 
years  during  which  the  delta  has  been  growing  seems  to  be  now  in 
part  disseminated  and  in  part  collected  into  more  or  less  definite 
pools.  Several  deep  wells  have  been  sunk  in  the  lower  end  of  the 
delta  70  to  125  miles  west  of  the  Passes  and  most  of  them  have  found 
considerable  amounts  of  gas.  One  well  in  sec.  51,  T.  19  S.,  R.  19  E., 
became  imcontroUable  from  gas  found  at  a  depth  of  about  1,700  feet. 
Gas  escapements  of  considerable  size  are  numerous,  particularly  in 
Terrebonne  Parish.  Prospecting  is  difficult  because  of  the  softness 
of  the  materials,  which  make  the  control  of  gas  xmder  any  considerable 
pressure  a  serious  task.  Perhaps  an  economical  way  will  be  found 
to  collect  the  marsh  gos  from  many  shallow  weUs,  each  yielding  only 
a  few  hxmdred  cubic  feet  a  day. 


STRUCTURE  OF  THE  FORT  SMITH-POTEAU  GAS  FIELD, 

ARKANSAS  AND  OKLAHOMA. 


By  Carl  D.  Smith. 


INTRODUCTION. 

The  region  described  herein  lies  south  of  Arkansas  River  in 
Arkansas  and  Oklahoma  and  embraces  an  area  about  40  miles  square 
extending  across  the  outcrops  of  the  main  coal-bearing  formations 
of  Oklahoma  and  Arkansas.  As  shown  on  the  map,  the  area  is 
traversed  by  several  railway  systems,  all  of  which  pass  through  or 
have  connections  with  Fort  Smith. 

Natural  gas  was  discovered  in  Massard  Prairie  5  miles  south- 
east of  Fort  Smith  and  also  about  2  miles  southeast  of  Mansfield, 
Ark.,  a  number  of  years  ago,  and  more  recently  it  has  been  found 
4  miles  east  of  Poteau,  Okla.  This  particular  area  has  been  selected 
because  it  has  been  more  extensively  prospected  for  gas  than  any 
other  part  of  the  Arkansas  Valley  trou^,  and  because  geologic 
structures  here  are  typical  of  a  great  deal  of  untested  territory  in 
Arkansas  and  Oklahoma.  Further  details  of  structure  in  a  part 
of  this  general  region  are  given  in  other  publications.' 

In  the  construction  of  the  map  accompanying  this  report  free  use 
has  been  made  of  reports  on  the  coal  fields  of  Oklahoma  and  Ar- 
kansas by  J.  A.  Taff  and  A.  J.  Collier,  whose  formational  boundaries 
and  descriptions  of  strata  have  been  copied  with  but  little  change. 

As  the  purpose  of  this  report  is  to  outline  in  a  general  way  the 

region  in  which  geologic  structures  and  formations  are  similar  to 

those  in  the  smaller  area  shown  on  the  map,  little  attention  has  been 

given  to  the  depth  and  thickness  of  possibly  productive  sands,  well 

logs,  and  other  detailed  information  usually  contained  in  such  a 

report. 

TOPOGRAPHY. 

The  character  of  the  topography  in  the  field  is  determined  largely 
by  the  attitude  and  varying  degrees  of  hardness  of  the  strata  which 
make  up  the  geologic  section.    The  geology  and  topography  are  so 

*  ColUer,  A.  J.,  The  Arkansas  coal  field :  U.  S.  Geol.  Survey  Bull.  326,  1007.  Taff.  J.  A., 
and  Adams.  O.  I.,  Geology  of  the  eastern  Choctaw  coal  field,  Indian  Territory  :  U.  S.  Geol. 
Sarvey  Twenty-flnt  Ann.  Bept.,  pt.  2,  1900. 
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closely  related  that  reference  from  one 'to  the  other  is  necessary  to 
an  understanding  of  either. 

The  most  conspicuous  topographic  features  in  the  area  are  Cava- 
nal,  Sugarloaf,  and  Poteau  mountains,  which  reach  altitudes  rang- 
ing between  2,000  and  2,300  feet  and  are  separated  by  broad  valleys, 
where  the  general  level  of  the  country  ranges  between  450  and  750 
feet.  Cavanal,  the  highest  of  the  three  mountains,  lies  wholly  in 
Oklahoma,  3  to  4  miles  west  of  the  town  of  Poteau.  Sugarloaf  is 
crossed  by  the  Arkansas-Oklahoma  State  line  and  has  its  greatest 
length  in  a  northeast-southwest  direction.  Poteau  Mountain  lies 
near  the  southern  border  of  the  area  shown  and  extends  from  the 
vicinity  of  Heavener,  Okla.,  eastward  for  a  distance  of  25  miles,  into 
Arkansas. 

The  mountains  occupy  structural  basins  in  which  the  alternating 
layers  of  hard  and  soft  strata  lie  much  like  a  stack  of  dishes,  gradu- 
ally diminishing  in  circumference  upward. 

GEOIiOGY. 

STBATIGBAFHY. 

The  formations  which  make  up  the  geologic  section  discussed  in 
this  report  belong  to  the  Pennsylvanian  series  of  the  Carboniferous 
system,  as  proved  by  both  fossil  shells  and  plants.  That  part  of  the 
section  lying  above  the  top  of  the  Hartshome  sandstone  contains  a 
niunber  of  coal  beds  1  to  7  feet  thick ;  below  the  Hartshorne  no  coal 
of  economic  importance  has  yet  been  found. 

The  section  of  rocks  exposed  in  the  area  shown  on  the  map 
(PL  II)  is  about  12,700  feet  in  thickness  and  is  made  up  of  shale, 
sandstone,  and  beds  of  coal.  This  mass  of  sedimentary  rocks  has 
been  subdivided  and  each  formation  given  a  name.  The  composi- 
tion and  character  of  the  formations,  named  in  order  from  lowest 
to  highest,  are  described  below,  and  the  areal  distribution  of  each 
is  shown  by  appropriate  symbols  on  the  map. 

Atoka  formation. — The  thickness  of  the  Atoka  formation,  meas- 
ured across  the  upturned  edges  of  the  formation  in  an  anticline 
a  few  miles  northwest  of  Heavener,  ranges  between  6,000  and  7,000 
feet,  and  its  base  is  not  exposed.  So  far  as  shown,  the  whole  thick- 
ness is  made  up  of  shale  and  sandstone,  the  sandstone  constituting 
but  a  small  part  of  the  formation  and  lying  in  zones  about  100  feet 
thick  separated  by  beds  of  shale  1,000  to  1,200  feet  thick.  However, 
sandstone  in  more  or  less  abundance  is  interbedded  with  the  shale; 
likewise  beds  of  shale  occur  in  the  zones  prevailingly  sandy. 

The  sandstone  beds  are  medium  to  fine  grained  in  texture  and 
brown  to  light  gray^  in  color.  The  shale  beds  are  rarely  exposed 
naturally,  but  wherever  seen  they  are  bluish  in  color  and  contain  a 
few  ironstone  concretions. 
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Study  of  the  Atoka  formation  for  many  miles  along  its  outcrop 
indicates  that  the  inclosed  sandstone  beds  are  somewhat  variable 
in  thickness  and  lateral  extent  There  are  areas  in  which  the  for- 
mation consists  almost  entirely  of  shale,  whereas  in  other  areas  the 
beds  of  sandstone  are  abnormally  thick  and  massive.  The  irregu- 
larity of  the  sandstones  has  an  important  economic  bearing  because 
they  form  the  reservoirs  in  which  gas  is  found  in  Massard  Prairie 
near  Fort  Smith  and  in  the  area  southeast  of  Mansfield.  The  gas  ob- 
tained east  of  Poteau  seems  to  come  from  the  Hartshome  sandstone, 
described  below. 

Hartshome  sandstone. — The  Hartshome  sandstone  varies  in  thick- 
ness from  100  to  200  feet  and  is  made  up  generally  of  massive  beds 
at  the  top  and  thinner  beds  below,  with  layers  of  shale  between, 
gradually  giving  place  to  shale  of  the  Atoka  formation  at  the  base. 
The  Hartshome  as  a  rule  makes  a  low  ridge  and  is  one  of  the  most 
easily  recognizable  and  economically  important  formations  in  the 
field,  important  because  of  its  value  as  an  index  to  the  position  of 
two  extensive  coal  beds,  one  of  which  lies  just  above  the  sandstone 
and  the  other  from  60  to  100  feet  higher. 

McAlester  shale. — In  areal  extent  the  McAlester  shale  far  sur- 
passes any  of  the  other  formations.  On  account  of  the  relative  soft- 
ness of  its  constituent  materials  the  McAlester  forms  the  surface 
rock  of  most  of  the  lowlands  and  prairies,  which  are  interrupted  here 
and  there  by  local  developments  of  ridge-making  sandstone  beds 
occurring  in  the  shale.  The  thickness  of  the  McAlester  has  been 
estimated  at  2,000  to  2,500  feet 

In  Arkansas  the  McAlester  shale  has  been  subdivided  into  several 
formations,  but  in  order  not  to  complicate  the  map  these  subdivisions 
have  been  omitted. 

Savanna  formation. — ^Three  prominent  zones  of  sandstone,  each 
ranging  in  thickness  between  100  and  200  feet,  separated  by  masses 
of  shale,  constitute  the  Savanna  formation.  Its  total  thickness  is 
estimated  at  1,200  to  1,500  feet 

Boggy  shale. — To  the  casual  observer  the  term  "  shale  "  as  applied 
to  the  Boggy  would  seem  inappropriate,  but  close  investigation  re- 
veals the  fact  that  out  of  a  total  of  about  2,300  feet  of  the  formation 
exposed  in  Cavanal  Mountain  not  more  than  400  feet  is  made  up  of 
sandstone.  The  sandstone  in  relatively  thin  beds  is  so  interspersed 
throughout  the  shale  that,  on  weathering,  the  superior  hardness  of 
the  sandstone  leaves  it  in  the  form  of  talus,  covering  the  slopes  and 
concealing  the  shale.  In  areal  distribution  the  Boggy  is  confined  to 
the  crests  of  Cavanal,  Sugarloaf,  and  Poteau  mountains. 

Lack  of  definite  information  as  to  the  position  of  the  contact  of 
the  Savanna  formation  and  the  Boggy  shale  in  Sugarloaf  and  Poteau 
mountains  has  made  it  undesirable  to  attempt  to  represent  the  Boggy 
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on  the  map,  all  strata  above  the  McAlester  being  shown  as  Savanna, 
though  remnants  of  the  Boggy  500  to  600  feet  thick  outcrop  in  narrow 
bands  along  the  crests  of  these  mountains. 

ft 

STBTJCTTJKE. 
GENERAL  CHARACTER. 

The  area  herein  described  is  a  part  of  a  large  region  occupied  by 
the  same  or  similar  formations  lying  between  the  intensely  folded  and 
faulted  rocks  of  the  Ouachita  Mountains  to  the  south  and  the  slightly 
disturbed  rocks  of  the  Ozark  uplift  to  the  north,  and  extending  from 
the  latitude  of  Atoka  in  southern  Oklahoma,  northeastward  and  east- 
ward to  the  vicinity  of  Little  Rock,  Ark. 

The  structure  of  the  region,  broadly  speaking,  is  unsymmetrical, 
in  that  the  folding  south  of  the  central  part  of  the  trough  or  basin 
has  been  more  intense  than  to  the  north.  Between  the  latitudes  of 
Atoka  and  McAlester  in  Oklahoma  the  trend  of  the  folds  is  north- 
east-southwest;  from  the  vicinity  of  McAlester  eastward  the  folds 
trend  generally  east- west.  Some  of  the  anticlinal  folds,  especially 
near  the  south  side  of  the  area,  have  comparatively  steep  dips  on  their 
north  sides,  and  are  in  places  overturned  in  that  direction. 

In  Oklahoma  the  area  is.  bounded  sharply  on  the  south  by  the  great 
Choctaw  fault,  which  extends  from  the  vicinity  of  Atoka  north- 
eastward and  eastward  into  Arkansas.  Toward  the  northwest,  in 
Oklahoma,  Canadian  and  Arkansas  rivers  may  be  taken  as  marking 
approximately  the  northern  limit  of  the  Arkansas  Valley  type  of 
structure.  Northward  the  folds  die  out  into  a  monocline  with  a  gentle 
westward  dip. 

In  Arkansas  the  belt  of  folded  rock  extends  approximately  50 
miles  in  width  to  the  vicinity  of  Little  Rock,  across  which  Arkansas 
River  flows  diagonally  southeast. 

At  places  the  compressive  force  or  forces  which  caused  the  rum- 
pling of  the  strata  has  been  more  than  the  strength  of  the  rocks  could 
withstand,  and  as  a  result  they  have  been  broken,  especially  along  or 
near  the  axes  of  upward  folds,  thus  allowing  one  limb  to  override  the 
other,  producing  what  is  known  as  a  thrust  fault.  The  axes  of  anti- 
clines and  synclines  and  the  positions  of  faults  are  shown  by  appro- 
priate symbols  on  the  map. 

FOLDS. 

Bdckhone  anticline. — One  of  the  best-known  structural  features  in 
the  field  is  Backbone  anticline,  so  named  because  of  its  association 
with  a  prominent  ridge  formed  by  the  outcropping  edge  of  an  up- 
turned stratum  of  sandstone,  known  as  Backbone  Ridge.  This  up- 
ward fold  of  the  strata  extends  from  the  vicinity  of  Greenwood,  Ark., 
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to  a  point  about  1^  miles  southeast  of  Bokoshe,  Okla.,  a  distance  of 
about  30  miles.  Along  the  greater  part  of  this  fold  is  a  fault,  south 
of  which  the  southward-dipping  beds  have  been  thrust  to  the  north, 
overriding  and  concealing  corresponding  beds  north  of  the  fault. 
The  outcrop  of  the  Hartshome  coal  bed  surrounds  the  anticline. 

BisweU  HiU  anticline. — ^Biswell  Hill,  an  elliptical  domelike  emi- 
nence northeast  of  Greenwood,  which  is  mantled  over  by  the  Harts- 
home  sandstone,  is  the  topographic  expression  of  a  broad  anticline 
whose  axis  lies  parallel  to  and  a  short  distance  northeast  of  the  east 
end  of  the  faulted  Backbone  anticline.  The  fold  is  slightly  unsym- 
metrical,  the  dips  to  the  north  being  steeper  than  those  to  the  south. 
Like  the  Backbone  anticline,  of  which  it  is  an  irregular  continuation, 
the  Biswell  Hill  anticline  marks  an  area  without  coal  surrounded  by 
the  outcrop  of  the  Hartshome  coal  bed,  which  dips  away  from  it  to 
the  north  and  to  the  south.  The  structure  of  Biswell  Hill,  though 
not  so  pronounced  as  that  from  which  gas  is  obtained  southeast  of 
Mansfield,  seems  to  be  as  good  as  if  not  better  than  that  southeast  of 
Fort  Smith  for  the  accumulation  of  gas.  What  effect  the  Backbone 
fault,  whidi  ends  against  the  west  side  of  the  anticline,  may  have  had 
on  the  reservoir- forming,  deeply  buried  strata  is  problematic;  it  is 
possible  that  this  break  may  have  disturbed  the  rocks  in  such  a  way 
as  to  form  an  outlet  to  the  surface,  thus  allowing  any  gas  that  may 
have  collected  to  escape. 

Massard  Prairie  anticline. — ^The  axis  of  the  Massard  Prairie  anti- 
cline trends  northeast-southwest  through  Massard  Prairie  about  5 
miles  southeast  of  Fort  Smith.  The  surface  indications  here  suggest 
a  broad  elliptical  uplift  with  low  dips  both  to  the  north  and  to  the 
south.  Many  wells  that  have  been  sunk  in  and  near  the  summit  of  the 
dome  furnish  the  natural  gas  used  in  Fort  Smith. 

Poteau  anticline. — The  axis  of  the  Poteau  anticline  trends  north- 
east between  Cavanal  and  Sugarloaf  mountains  from  the  vicinity  of 
Howe  to  the  Arkansas-Oklahoma  line,  thence  east  for  a  distance  of 
6  or  8  miles,  where  its  identity  is  lost  in  a  broad  upward  fold  lying 
between  Greenwood  and  Huntington.  The  productive  gas  wells  east 
of  the  town  of  Poteau  are  located  near  the  a*xis  of  this  fold.  The 
part  of  the  anticline  which  lies  in  Arkansas  has  been  described  by 
Collier  in  United  States  Geological  Survey  Bulletin  320  as  the  Mon- 
treal anticline.  It  has  been  considered  advisable  to  change  the  name 
of  the  anticline,  however,  because  it  is  more  pronounced  near  the 
town  of  Poteau,  Okla.,  than  at  Montreal,  a  small  town  in  Arkansas 
near  the  east  end  of  the  fold. 

Hartford  anticline. — The  axis  of  the  Hartford  anticline  trends 
east-northeast  and  west-southwest  through  the  town  of  Hartford, 
Ark.  The  lowest  rocks  brought  to  the  surface  by  the  upward  fold 
are  exposed  in  Coops  Prairie,  a  flat  area  almost  completely  sur- 
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rounded  by  elongated  or  elliptical  encircling  ridges  made  by  sand- 
stones of  the  Atoka  formation.  In  this  prairie  are  located  the  pro- 
ductive gas  wells  which  furnish  fuel  for  Mansfield  and  vicinity. 
From  the  crest  of  the  axis  the  strata  dip  away  in  all  directions.  To 
the  west  the  plunge  of  the  axis  of  the  fold  continues  for  a  longer 
distance  than  toward  the  east,  hence  rocks  successively  higher  in 
the  geologic  column  appear  at  about  the  same  level.  A  few  miles 
northeast  of  Howe  the  axis  of  this  fold  seems  to  join  with  the  Poteau 
anticline  in  rising  toward  the  Heavener  anticline. 

Heavener  cmticUne. — The  upward  fold  of  the  Heavener  anticline 
is  peculiar  both  in  its  form  of  development  and  its  trend.  From  a 
point  near  the  big  bend  of  Poteau  River  in  the  north-central  part 
of  T.  5  N.,  R.  24  E.,  the  axis  of  the  fold  rises  steeply  southeastward 
to  a  high  arch  and  descends  as  abruptly  within  a  mile  northwest  of 
Heavener.  Should  the  beds  of  sandstone  which  have  been  worn 
away  and  whose  edges  now  crop  out  in  the  plain  around  the  elliptical 
border  of  this  domelike  fold  be  restored,  they  would  form  a  moun- 
tain more  than  a  mile  high,  6  miles  long,  and  3  miles  wide.  The 
trend  of  the  axis  of  the  Heavener  anticline  is  slightly  south  of  east 
and  almost  directly  in  line  with  that  of  the  Poteau  syncline,  against 
which  it  abuts. 

Milton  anticline. — Only  part  of  the  Milton  anticline  is  included  in 
the  area  here  described.  It  is  compiaratively  narrow  and  bears  a 
little  east  of  northeast.  The  axis  rises  from  the  vicinity  of  the  south- 
ward bend  of  Arkansas  River  north  of  Spiro  to  the  neighborhood 
of  Bokoshe  and  again  descends  toward  the  southwest.  The  anticline 
is  surrounded  by  the  outcrop  of  the  Hartshome  coal  bed,  which, 
however,  is  concealed  by  alluvium  near  the  river.  It  is  understood 
that  some  wells  have  been  sunk  on  or  near  the  crest  of  the  fold  north- 
west of  Spiro,  but  with  what  success  is  not  known. 

CavancH  syncline, — The  axis  of  the  Cavanal  syncline  trends  east- 
northeast  through  Cavanal  Mountain,  just  south  of  Cameron,  Hack- 
ett,  Excelsior,  and  Greenwood  across  the  area  shown  on  the  map. 
The  deepest  part  of  the  basin  lies  beneath  Cavanal  Mountain,  where 
the  Hartshorne  coal  bed,  a  convenient  datum  plane  for  comparison 
of  elevations,  is  probably  4,000  feet  below  sea  level  or  6,400  feet 
below  the  highest  peak  of  the  mountain. 

Sugarloaf  syncline. — The  Sugarloaf  syncline  is  a  comparatively 
shallow  structural  basin  lying  between  the  Poteau  anticline  and  the 
Hartford  anticline.  The  deepest  part  of  the  basin  is  probably  near 
the  point  where  the  Arkansas-Oklahoma  line  crosses  the  mountain. 
From  this  point  its  rising  axis  trends  east-northeast  just  north  of  the 
town  of  Huntington.  In  the  deepest  part  of  the  basin  the  Harts- 
horne coal  is  probably  1,700  feet  below  sea  level,  or  3,700  feet  below 
the  highest  peak  of  the  mountain. 
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Poteau  syncline. — ^The  Poteau  syncline  is  a  long  synclinal  trough, 
which  stretches  more  than  100  miles  along  the  south  side  of  the 
Ai^ansas  coal  field  and  extends  into  Oklahoma  to  a  point  a  few 
miles  northeast  of  Heavener,  where  its  axis  is  deflected  and  swings 
to  the  southwest  around  the  south  limb  of  the  Heavener  anticline. 
This  basin  is  occupied  for  the  most  part  by  Poteau  Mountain,  beneath 
which  the  Hartshome  coal  bed  reaches  an  unestimated  depth,  pos- 
sibly almost  as  great  as  beneath  Cavanal  Mountain. 

Bokoshe  syncline. — ^The  position  of  the  axis  of  the  Bokoshe  syn- 
dine  is  not  well  known  except  between  Spiro  and  Bokoshe.  From 
the  vicinity  of  Spiro  the  axis  of  the  fold  may  trend  northeast  through 
Fort  Smith  or  east  and  join  the  basin  between  Massard  Prairie  and 
the  Backbone  anticline. 

FAULTS. 

Choctaw  fault — ^The  Choctaw  fault  extends  from  the  vicinity  of 
Atoka,  in  southern  Oklahoma,  northeast  and  east  along  the  south  side 
of  the  coal  field,  passing  into  Arkansas  just  south  of  Poteau  Moun- 
tain, and  continuing  eastward  for  an  undetermined  distance.  It 
separates  the  coal-bearing  rocks  on  the  north  from  the  older  rcfcks 
of  the  Ouachita  Moimtains  on  the  south.  Prior  to  the  faulting  the 
rocks  lying  south  of  the  Choctaw  fault  were  closely  folded  and  in 
many  places  the  folds  were  overturned  toward  the  north.  Then,  as 
the  pressure  which  produced  the  folding  continued,  the  strata  broke 
along  lines  parallel  to  the  axes  of  the  folds  and  the  rocks  on  the  south 
side  of  the  fracture  were  pushed  upward  and  over  those  on  the  north 
side.  The  vertical  displacement  increases  from  a  few  hundred  feet 
at  the  Arkansas  line  to  several  thousand  feet  farther  west. 

Backbone  fault — ^The  Backbone  fault  extends  from  a  point  about  2 
miles  northwest  of  Greenwood,  in  a  west-southwest  direction,  paral- 
leling and  lying  just  south  of  the  north  outcrop  of  tlie  Hartsliome 
coal  bed,  to  a  point  somewhere  between  Panama  and  Bokoshe,  where  it 
dies  out  in  the  westward-plunging  end  of  the  Backbone  anticline. 
This  fault  represents  an  overthrust  of  the  strata  from  the  south  and 
shows  a  displacement  of  about  5,000  feet  at  the  Arkansas-Oklahoma 
line.  The  rocks  brought  to  the  surface  by  the  fault  consist  mainly 
of  sandstone  and  shale  of  the  Atoka  formation,  so  that  the  beds  of 
sandstone  which  produce  gas  in  the  various  parts  of  this  field  prob- 
ably here  come  to  the  surface. 

STRUCTURAL  RELATIONS. 

A  prominent  theory  as  to  the  source  of  oil  and  gas  is  the  one  which 
ascribes  its  origin  to  the  slow  distillation  of  organic  matter  buried 
with  shale  and  sandstone  at  the  time  of  their  deposition.  If  this  be 
the  origin  of  these  fuels  they  must  have  been  disseminated  in  small 
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qutfhtities  throughout  the  containing  sediments,  and  in  order  to  be 
concentrated  into  "  pools  "  as  they  are  now  found  they  must  have 
been  transported  and  collected  by  some  agent.  The  agent  most  likely 
to  have  accomplished  such  transportation  is  water,  driven  either  by 
capillary  attraction  or  by  hydraulic  pressure,  moving  through  the 
formations  containing  the  oil  or  gas  in  small  particles.  When  once 
a  reservoir  of  sufficient  porosity,  like  a  sandstone,  is  reached,  where 
interchange  of  position  is  least  hindered,  the  oil,  gas,  and  water 
would  separate  by  difference  in  weight,  the  water  occupying  the 
lowest  point  available,  overlain  successively  by  oil  and  gas,  if  all 
three  be  present.  It  thus  appears  that  gas  would  occupy  the  highest 
available  part  of  a  given  reservoir,  and  would  be  underlain  by  oil, 
if  present ;  if  not,  by  water. 

It  is  evident  that  bodies  of  gas  under  great  pressure,  unless  effectu- 
ally sealed  in  by  some  means,  would  disseminate  throughout  the 
containing  porous  reservoir  until  no  appreciable  pressure  would  be 
perceptible.  We  must  conclude,  then,  that  the  gas  is  prevented  from 
escaping  upward  by  some  impervious  medium — for  instance,  fine- 
grained shale — and  that  it  is  prevented  from  spreading  laterally  along 
the  containing  bed  of  sandstone  either  by  impervious  material  or  by 
some  other  means,  if  impervious  material  should  not  be  present. 
Among  other  means  may  be  mentioned  the  termination  of  the  porous 
sandstone  bed,  the  sealing  of  the  porous  medium  by  "asphaltic  mate- 
rial, and  by  oil,  water,  or  both,  occupying  different  parts  of  the 
sandstone. 

In  order  that  the  oil  or  water  may  be  effective,  certain  structures 
in  the  reservoir  stratum  are  necessary.  The  simplest  structure  favor- 
able for  the  accumulation  of  oil  or  gas  is  the  anticline  or  upward 
fold  of  the  porous  reservoir  and  an  overlying  impervious  layer, 
which  is  in  effect  a  dome  or  elongated  fold  imder  which  the  gas  col- 
lects and  is  prevented  from  escaping  or  disseminating  through  the 
reservoir  by  the  presence  of  bodies  of  oil  or  water  occupying  lower 
levels  in  the  same  stratum.  There  are,  of  course,  a  number  of  fac- 
tors that  would  and  do  modify  these  ideal  conditions,  but  a  con- 
sideration of  them  can  not  be  undertaken  in  this  paper. 

Anticlinal  structures  are  present  in  all  three  of  the  gas-bearing 
areas  shown  on  the  map  of  the  Fort  Smith-Poteau  gas  field.  The 
best-defined  upward  fold  or  anticline  produces  gas  in  the  region 
southeast  of  Mansfield.  Here  the  outcropping  edges  of  the  upturned 
upper  part  of  the  Atoka  and  higher  formations  encircle  the  gas- 
producing  area  in  concentric  elliptical  ridges,  which  slope  or  dip 
away  from  the  central  point  in  every  direction. 

Although  the  Massard  Prairie  anticline  southeast  of  Fort  Smith  is 
not  so  pronounced  as  the  one  near  Mansfield,  it  is  fairly  well  defined, 
and  the  gas-producing  area  there  is  located  at  the  summit  of  the  dome. 
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The  gas  obtained  from  the  area  east  of  the  town  of  Poteau,  accord- 
ing to  the  interpretation  of  the  records  of  two  wells,  seems  to  be 
derived  from  the  Hartshome  sandstone,  as  a  bed  of  coal,  supposedly 
the  Hartshome,  is  penetrated  from  100  to  200  feet  above  the  gas- 
producing  sand.  It  will  be  noted  on  the  map  that  these  wells  lie 
on  or  near  the  axis  of  the  Poteau  anticline,  along  or  near  which 
further  prospecting  in  the  vicinity  will  reach  the  same  sand  at  the 
shallowest  possible  depth.  To  the  northeast  and  southwest  the  Harts- 
home sandstone  comes  to  the  surface,  hence  the  areal  extent  over 
which  it  may  be  gas  bearing  is  rather  small.  However,  it  should  be 
remembered  that  a  number  of  sands  occur  in  the  Atoka  formation  at 
varying  depths  below  the  Hartshome,  and  these  may  contain  gas  in 
some  part  of  the  fold. 

The  question  as  to  the  probability  of  striking  oil  at  some  point 
down  the  dip  of  the  strata  below  the  gas  has  been  asked.  It  is  not 
known,  of  course,  whether  the  gas  is  underlain  down  the  slope  of 
the  sand  by  oil  or  water,  nor  how  far  down  the  slope  the  contact  of 
the  water  and  gas  or  the  oil  and  gas  would  be  found,  but  toward 
Sugarloaf  and  Cavanal  mountains  the  strata  dip  at  the  rate  of  200 
to  300  feet  to  the  mile ;  hence  to  reach  a  given  bed  it  would  be  neces- 
sary to  drill  deeper  and  deeper  as  either  of  these  mountains  is 
approached.  It  is  estimated  that  the  top  of  the  Hartshome  sand- 
stone lies  at  a  depth  of  3,000  to  3,500  feet  below  the  town  of  Poteau. 

The  production  of  the  wells  east  of  Poteau  is  reported  to  be 
12,000,000  cubic  feet  per  day,  with  a  gas  pressure  averaging  about 
400  pounds  to  the  square  inch. 

Log  of  gas  well,  5i  miles  east  of  Poteau,  Okla. 
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According  to  well  records  now  in  hand,  gas  wells  in  Massard 
Prairie,  about  5  miles  southeast  of  Fort  Smith,  range  in  depth 
between  1,312  and  2,845  feet.  The  log  of  the  deepest  of  these  wells 
shows  that  17  diflFerent  sands,  ranging  in  thickness  from  9  to  263 
feet,  were  encountered  in  drilling  to  a  depth  of  2,845  feet.  By  no 
means  all  of  these  sands  are  productive.  In  some  of  the  wells  as 
many  as  four  sands  produce  gas,  but  usually  the  greatest  volume  of 
gas  is  obtained  from  one  sand  in  each  well.  The  most  productive 
sands  are  found  between  1,000  feet  and  2,100  feet  below  the  surface. 
The  initial  closed  .pressure  of  the  gas  varies  between  145  and  280 
pounds  to  the  square  inch,  and  the  daily  volume  of  gas  obtained  from 
each  well  varies  between  140,000  and  4,250,000  cubic  feet. 

All  of  the  wells  in  Massard  Prairie  start  in  or  near  the  Hartshome 
sandstone,  hence  all  the  gas  is  obtained  from  sands  in  the  Atoka 
formation. 


Log  of  well  in  Massard  PrairiCj  5  miles  southeast  of  Fort  Smith,  Ark, 
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Thickness, 


Feet. 

150 
10 

221 
15 
20 
25 

245 
40 
10 
25 

235 
15 
95 

253 

122 
52 

393 
30 
45 

185 
47 
28 
90 
15 

150 
25 
5 
8 
44 
30 
16 
20 

172 


Depth. 


Feet. 

150 

160 

390 

'405 

425 

450 

605 

735 

745 

770 

1,006 

1,020 

1,115 

1,378 

1,500 

1,652 

1.045 

1^975 

2,020 

2,205 

2,252 

2,280 

2,370 

2,385 

2,535 

2,560 

2,555 

2,563 

2,607 

2,637 

2,653 

2,673 

2,846 


The  fault  in  the  Backbone  anticline  makes  prospecting  there  rather 
precarious,  because  the  fracturing  of  the  strata  may  have  furnished 
an  outlet  to  the  surface,  thus  preventing  any  large  accumulation 
of  gas. 

No  detailed  information  concerning  the  number,  thickness,  and 
depths  of  producing  sands  in  the  Hartford  anticline  southeast  of 
Mansfield  is  at  hand.    It  is  known  from  geologic  evidence,  however. 


FOBT  SMITH-POTEAU  GAS  FIELD,  ARK.-OKLA.  33 

that  the  wells  start  in  the  Atoka  formation  3,000  feet  or  more  below 
the  Hartshome  sandstone.  If  gas  there  is  obtained  at  approximately 
the  same  depth  as  in  the  Massard  Prairie  field,  a  thickness  of  nearly 
6,000  feet  of  the  Atoka  formation  is  to  be  regarded  as  containing 
good  prospective  gas  strata. 

As  explained  under  the  heading  ^^  Stratigraphy,"  the  sandstone 
beds  of  the  Atoka  formation  as  seen  in  outcrop  are  variable  in  thick- 
ness, texture,  and  lateral  extent.  This  condition  undoubtedly  holds 
true  where  the  deeply  buried  san4s  in  the  Atoka  are  penetrated  by 
the  drilL  A  study  of  the  records  in  hand  indicates  considerable 
variability  even  in  near-by  wells.  But  when  the  number  of  sands  is 
taken  into  account  it  is  thought  that,  in  areas  of  favorable  geologic 
structure,  deep  drilling  may  be  resorted  to  with  good  chances  of 
successful  outcome. 

It  seems  that,  if  other  things  are  equal,  the  chances  of  striking  gas 
are  better  in  the  upward  folds  or  anticlines  than  in  other  localities. 
Of  course,  if  a  porous  medium  be  not  present  in  the  anticline,  then 
the  chances  there  are  no  better  than  elsewhere ;  but  as  the  presence 
or  absence  of  the  porous  medium  can  not  be  foretold,  that  chance 
must  be  taken  as  a  part  of  the  risk  of  drilling. 

365'— Bull.  541—14 8 


THE  GLENN  OIL  AND  GAS  POOL  AND  VICINITY, 

OKLAHOMA. 


By  Carl  D.  Smith. 


INTRODUCTION. 

On  account  of  its  phenomenal  production  the  Glenn  oil  pool  in 
Oklahoma  is  well  known,  but  so  far  as  the  writer  is  aware  no  detailed 
report  of  the  geology  of  the  pool  has  ever  been  published.  To  deter- 
mine, if  possible,  the  reason  for  the  accumulation  of  this  wonderful 
body  of  oil  and  gas,  one  week  in  December,  1912,  was  spent  by  the 
writer  in  studying  the  geologic  structure  of  the  field  as  shown  by 
outcropping  formations.  This  work  was  supplemental  to  the  investi- 
gations that  have  been  carried  on  in  adjacent  regions  for  several 
years. 

The  unpublished  results  of  investigations  by  the  writer  and  others 
in  contiguous  territory  have  been  drawn  upon  freely,  as  a  study  of 
the  small  area  shown  on  the  map  would  throw  but  little  light  on  the 
geology  or  the  conditions  governing  the  accumulation  of  oil  in  this 
pool. 

The  Glenn  pool  area  as  here  described  is  located  in  Creek  and 
Tulsa  counties,  Okla.,  near  the  towns  of  Sapulpa  and  Tulsa,  and 
includes  several  minor  pools  known  as  the  Taneha,  Red  Fork,  and 
Ferryman.  (See  map,  PI.  III.)  Glenn  pool  proper  was  discovered 
in  1906  and  since  its  discovery  its  boundaries  have  been  gradually 
extended  until  at  present  it  merges  with  the  other  pools  and  no  lines 
can  be  drawn  between  them. 

It  is  not  the  purpose  of  this  report  to  give  any  opinion  as  to  the 
probable  future  extension  of  the  Glenn  pool,  but  to  point  out  the 
relation  existing  between  accumulations  of  oil  and  gas  and  the  geo- 
logic structure  as  shown  by  the  attitude  of  surface  strata,  with  a 
view  to  ascertaining  some  general  relations  that  may  be  applicable 
to  fields  yet  untouched  or  only  partly  developed. 

TOPOGRAPHY. 

The  topography  of  the  Glenn  pool  area  is  determined  by  the  atti- 
tude and  varying  degrees  of  hardness  of  the  strata  which  make  up 
the  geologic  section.    The  most  conspicuous  features  of  relief  are 
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roughly  parallel  zones  of  comparatively  rugged  sandstone  highlands 
trending  northeast-southwest,  separated  by  belts  of  smoother  low- 
lands developed  in  softer  strata.  As  a  general  rule  the  irregular 
escarpments  have  steep  slopes  facing  east  and  gentle  slopes  stretch- 
ing westward  from  the  crests  to  the  base  of  the  next  belt  of  highland. 
One  of  these  belts  of  rugged  country,  treading  slightly  west  of 
south,  lies  about  6  miles  west  of  Sapulpa;  another  passes  just  west 
of  Sapulpa ;  still  another,  which  first  makes  its  appearance  about  2 
miles  southwest  of  Bed  Fork,  passes  2  to  3^  miles  east  of  Sapulpa, 
and  continues  to  the  southwest,  passing  just  west  of  Kiefer  and 
Mounds.  Another  highland  zone  of  more  or  less  continuity  passes 
2  to  3  miles  east  of  the  town  of  Glenpool,  and  probably  should  be 
considered  the  southern  continuation  of  the  hilly  country  east  of 
Arkansas  River  and  southeast  of  Tulsa.  The  regularity  of  the  areas 
of  low  relief  is  inten*upted  in  places  by  the  presence  of  hard,  hill- 
making  sandstone  beds  in  the  soft  shale  which  underlies  the  low- 
lands. Turkey  Mountain,  northwest  of  Jenks,  and  the  hilly  country 
east  of  Arkansas  Biver  and  southeast  of  Tulsa  are  examples  of  the 
local  development  of  sandstone  beds  in  zones  which  are  usually  char- 
acterized by  soft  material  and  marked  by  comparatively  small  diffei- 
ences  of  altitude.  Altitudes  in  the  Glenn  pool  area  range  between 
about  600  and  950  feet.    . 

GEOIiOGT. 

ST&ATIOBAFHT. 
GENERAL  RELATIONS  OF  THE  FORMATIONS. 

In  order  to  understand  conditions  that  probably  prevail  beneath 
the  surface  in  the  Glenn  pool,  it  is  necessary  to  consider  the  character 
and  attitude  of  formations  35  to  40  miles  to  the  east,  where  the  deeply 
buried  strata  of  the  Gleen  pool  area  come  to  the  surface  and  can  be 
studied  in  outcrops.  (See  cross  section,  PI.  m.)  The  section  of 
rocks  exposed  in  the  area  represented  by  the  map  is  about  850  feet 
in  thickness  and  comprises  alternating  beds  of  shale,  sandstone,  lime- 
stone, and  coal,  named  in  the  order  of  their  relative  thicknesses. 
These  formations  are  Carboniferous  in  age  and  constitute  a  pan  of 
the  Pennsylvanian  or  middle  series  of  the  Carboniferous,  which  out- 
crops in  northeastern  Oklahoma,  on  the  west  flank  of  the  Ozark 
uplift,  extends  as  a  broad  northeast-to-southwest  trending  belt  from 
Kansas  into  Oklahoma,  and  dips  gently  westward  beneath  the  Per- 
mian series  ("  Red  Beds").    (See  fig.  1,  p.  43.) 

The  contact  of  the  Pennsylvanian  series  with  the  Mississippian 
series  below,  which  lies  near  and  roughly  parallels  Grand  Biver,  is 
unconformable,  but  the  angle  of  unconformity  between  the  two  series 
is  so  slight  that  the  discordance  in  strike  and  dip  of  the  strata  is 
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scarcely  perceptible.  It  is  probable  that  the  Pennsylvanian  sediments 
were  deposited  upon  a  slightly  eroded  and  gradually  sinking  knd 
surface  composed  of  the  Mississippian  series,  and  were  derived,  in 
part  at  least,  from  the  Mississippian  and  older  rocks  which  form  the 
core  of  the  Ozark  dome.  No  unconformities  of  more  than  local 
development  have  been  noted  in  the  Pennsylvanian  series  above  Hxe 
base  of  the  Cherokee  formation,  which  is  described  below. 

Section  showing  relations,  character,  and  thickness  of  formations  exposed  in 

and  to  the  east  of  the  G/ewn  pool  area^  Okla. 

Carboniferous  system: 
Pennsylvanian  series: 

Limestone,   bloish   gtay;    locally   known  as  the        V*eet. 

"  Lost  City  limestone  " 1-40 

Shale  and  sandstone 360 

Limestone,  bluish,  bard ;  checkerboard  lime  of  the 

drillers 2i 

Shale,  with  variable  beds  of  sandstone 215 

Coal,  Dawson . li-2| 

Shale,  with  irregular  beds  of  sandstone 210-850 

Limestone,  massive  gray ;  big  lime  of  drillers 0-40 

Shale,  with  irregular  beds  of  sandstone 200d: 

Limestone,  Fort  Scott,  Oswego  lime  of  driUers; 
bluish-gfay  limestone  with  3  to  5  feet  of  shale 

near  middle 10-30 

Shale,  sandstone,  limestone,  and  coal;  Cherokee 

formation 1,000± 

Unconformity. 

Blue  to  white  limestone,  with  some  shale  and  thin 

sandstone;  Morrow  formation 100-120 

Unconformity. 
Mississippian  series: 

Limestone,   blue  and  brown,   locally   sandy  and 

shaly;  Pitkin , 00± 

Black  shale  with  thin  beds  of  limestone  and  sand- 
stone; Fayetteville  formation 20-60 

Unconformity. 

Limestone,  Boone;  flinty  limestone  and  flint 200± 

On  account  of  their  greater  hardness  the  sandstone  and  limestone 
beds  are  much  more  conspicuous  in  their  outcrops  than  the  shale,  but 
probably  the  shale  constitutes  four-fifths  to  nine-tenths  of  the  geo- 
logic column.  The  shale  is  generally  soft  and  friable  and  disinte- 
grates rapidly  on  exposure,  thus  giving  rise  to  vuUeys  or  lowlands 
where  improtected  by  caps  of  harder  material.  The  i^andstone 
varies  greatly  in  hardness.  Many  beds  are  so  loosely  cemented  that 
they  weather  as  easily  as  shale,  thus  giving  the  impression  that  they 
are  extremely  variable  or  lenslike  in  development,  whereas  others 
are  of  suffici^it  hardness  to  form  bold  escarpments  many  miles  in 
length. 
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FOBMATTONS  NOT  BXF08ED  IN  THE  GU&NN  POOL  AREA. 

Information  r^arding  strata  that  underlie  the  Glenn  pool  area 
but  are  not  exposed  in  it  has  been  obtained  from  well  logs,  from 
geologic  reports  on  adjacent  areas,  and  from  personal  study  of 
regions  to  the  northeast,  east,  and  southeast,  where  the  formations 
penetrated  by  the  drill  in  the  Glenn  pool  area  come  to  the  surface. 
The  thickness  of  these  formations  is  about  2,000  feet  and  is  described 
in  some  detail  below. 

PXS-0AXB0VirEB017B  rOEMATIOira. 

The  strata  below  the  Boone  limestone,  the  lowest  formation  of  the 
Carboniferous  system,  belong  to  the  Devonian,  Silurian,  and  Ordo- 
vician  systems,  which  outcrop  in  the  central  part  of  the  Ozark  uplift 
to  the  east.  They  consist  mainly  of  limestone,  and  some  sandstone 
and  shale,  and  are  so  deeply  buried  in  the  Glenn  pool  area  that  they 
probably  have  not  been  reached  by  the  drill. 

0AEB0VI7SB0U8  8YBTEH. 
MI88I88IPPIAN   SERIES. 

Boone  limestone. — ^The  lowest  formation  considered  in  detail  in 
this  report  is  the  Boone  limestone,  which  outcrops  mainly  east  of 
Grand  Biver  and  is  known  to  drillers  as  the  ''Mississippi  lime.'^ 
It  ranges  in  thickness  from  100  to  350  feet  and  is  made  up  of  lime- 
stone, cherty  limestone,  and  layers  of  chert  or  flint.  The  outcrop  of 
the  Boone  forms  a  flint-covered  surface  in  which  the  purer  beds  of 
limestone  are  in  few  places  exposed.  It  is  usually  easy  of  recognition 
in  drilling  because  of  its  great  hardness,  thickness,  and  cutting  action 
on  the  drill  bit.  The  Boone  is  usually  regarded  as  the  formation  in 
or  below  which  oil  and  gas  do  not  occur  in  paying  quantities,  but 
whether  or  not  this  conclusion  is  correct  remains  to  be  proved. 

After  the  deposition  of  the  Boone  and  its  consolidation  into  hard 
rock  there  was  a  period  of  uplift  and  erosion.  That  is,  the  present 
surface  of  the  Boone  shows  evidence  of  having  been  a  land  area  at 
some  time  in  its  former  history  and  of  having  undergone  partial 
destruction  prior  to  the  submergence  which  permitted  the  deposition 
of  later  sediments  now  found  upon  its  irregular  surface. 

FayetteviUe  formation. — Above  the  Boone  is  a  blue-black  shale  20 
to  60  feet  thick,  which  generally  contains  two  thin  bluish-white  lime- 
stone members,  one  near  the  base  and  the  other  near  the  top.  Lentic- 
ular beds  of  dark  ferruginous  sandstone  are  present  locally  in  the 
shale.  The  FayetteviUe  formation  as  a  whole  is  comparatively  soft 
and  its  base  in  contact  with  the  Boone  below  is  usually  easy  to  recog- 
nize in  drilling  because  of  the  difference  in  character  and  hardness 
of  the  two  formations. 
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It  is  of  course  practically  impossible  to  recognize  in  drill  records 
the  exact  positions  of  the  contacts  of  formations  whose  outcrops  are 
so  far  removed  from  the  point  where  they  are  penetrated  by  the  drill 
as  those  are  iii  this  area.  However,  after  a  close  study  of  records  of 
wells  in  the  Glenn  pool  area  and  to  the  east,  it  is  believed  that  the 
Fayetteville  formation  thickens  from  about  60  feet  near  Grand  River 
to  275  feet  at  Glenn  pool  and  that  two  comparatively  thick  sandstone 
beds  are  present  in  the  formation  under  cover  that  do  not  reach  the 
surface  in  outcrop* 

Pitkin  limestone. — Conformably  on  the  Fayetteville  formation 
lies  the  Pitkin  limestone.  As  described  in  the  Muskogee  folio,^  the 
Pitkin  varies  but  little  from  50  feet  in  thickness  and  consists  of 
layers  of  light-blue  to  brown  granular  limestone  interbedded  with 
fine-textured  harder  limestone  and  some  thin  layers  of  shale. 

The  Pitkin  is  considered  the  uppermost  formation  of  the  Missis- 
sippian  series  and  is  separated  from  the  overlying  Morrow  formation 
of  the  Pennsylvanian  series  by  an  unconformity  similar  to  the  one 
between  the  Boone  limestone  and  the  Fayetteville  formation.  But  for 
fossil  evidence  and  detailed  study  of  the  formations  elsewhere  the 
existence  of  these  unconformities  would  scarcely  be  detected  in  regions 
contiguous  to  the  Glenn  pool  area.  It  is  only  when  large  areas  arc 
studied  that  the  discordance  in  strike  and  dip  can  be  ascertained. 
North  of  the  Muskogee  quadrangle  and  northeast  of  the  Glenn  pool 
area  the  Pitkin  limestone  is  thin,  and  in  the  southeast  comer  of 
Kansas  it  is  absent. 

PENNSTLVAIVIAN  SERIES. 

In  the  general  region  of  northeastern  Oklahoma  a  notable  change 
takes  place  in  the  character  and  tliickness  of  the  Pennsylvanian 
formations.  In  Kansas  the  Pennsylvanian  consists  mainly  of  shale 
and  limestone,  sandstone  constituting  but  a  minor  part  of  the  section, 
whereas  to  the  south,  in  Oklahoma,  most  of  the  limestones  are  thin 
and  disappear  from  the  section,  very  few  reaching  as  far  south  as 
Arkansas  River.  On  the  other  hand,  sandstones  appear,  growing 
thicker  and  more  regular  in  development  toward  the  south.  Not- 
withstanding the  disappearance  of  the  limestones,  the  Pennsylvanian 
section  as  a  whole  is  thicker  to  the  south. 

Marrow  formation, — As  described  in  the  Muskogee  folio,  the  Mor- 
row formation,  the  basal  formation  of  the  Pennsylvanian  series, 
consists  chiefly  of  limestone,  with  a  lesser  amount  of  shale,  and  in 
places  thin  beds  of  sandstone.  The  thickness  of  the  Morrow  ranges 
between  100  and  120  feet  and  at  the  top  of  the  formation  is  an 
unconformity  similar  to  the  one  at  the  top  of  the  Boone.  Eastward 
from  the  Muskogee  quadrangle  the  limestone  in  the  Morrow   is 

^TJ.  8.  Gw>l.  Rurver  Oeol.  Atlas  U.  8.,  Mnskogpe  folio  (No.  132),  1906. 
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gradually  displaced  by  shale  and  sandstone.  What  changes  may 
take  place  in  its  composition  under  cover  west  and  northwest  of  its 
outcrop  in  the  Muskogee  quadrangle  are  of  course  problematical 
and  can  be  inferred  only  from  the  logs  of  deep  wells.  North  of 
the  Muskogee  quadrangle  and  northeast  of  the  Glenn  pool  area  the 
Morrow  formation  is  thin,  and  in  the  southeast  comer  of  Kansas 
it  has  not  been  recognized  as  a  separate  formation  in  the  geologic 
section. 

Cherokee  'formation. — For  purposes  of  discussion  in  this  report  the 
upper  contact  of  the  Morrow  formation  is  assumed  as  the  base  of  the 
Cherokee  formation,  although  in  southeast  Kansas  the  Cherokee  as 
described  probably  includes  the  Morrow  or  its  representative.  The 
base  of  the  Fort  Scott  limestone  forms  the  upper  boundary  of  the 
Cherokee.  According  to  the  interpretation  of  well  logs,  the  Chero- 
kee thickens  from  850  feet  near  Tulsa  to  1,080  feet  near  Mounds. 
In  outcrop  the  lower  500  feet  of  the  Cherokee  consists  mainly  of 
shale,  with  interbedded  thin  sandstone,  limestone,  and  coal,  whereas 
the  upper  part  contains  a  greater  proportion  of  sandstone.  Accord- 
ing to  the  interpretation  of  well  logs,  a  nimiber  of  oil  and  gas  sands, 
which  do  not  appear  to  reach  the  surface  in  outcrop,  are  penetrated 
between  the  middle  and  the  base  of  the  Cherokee  in  the  Glenn  pool 
area.  Several  sands  are  productive  below  the  Cherokee,  but  as  that 
formation  contains  the  sands  from  which  the  bulk  of  the  oil  and  gas 
is  obtained  a  detailed  description  of  the  sandstone  beds  of  the 
Cherokee,  as  observed  in  outcrop,  may  be  of  interest. 

Study  of  the  outcropping  edges  of  the  beds  of  sandstone  in  the 
Cherokee  formation  east  and  northeast  of  the  Glenn  pool  area  has 
thrown  much  light  on  their  probable  character  under  cover  in  the 
oil  and  gas  area.  Of  course  the  conclusions  are  based  on  the  observa- 
tion of  a  narrow  strip  of  outcrop,  at  some  distance  from  the  Glenn 
pool,  but  without  positive  evidence  to  the  contrary  it  may  be  inferred 
that  similar  conditions  hold  true  to  the  westward,  where  the  sand- 
stones are  deeply  buried.  The  sandstones  have  been  described  as 
lenslike  masses  completely  inclosed  in  shale,  or  as  irregular  bodies 
giving  place  horizontally  to  shaly  sandstone  and  finally  to  shale. 
In  the  outcrops  of  the  sandstones  the  correctness  of  this  conclusion  is 
borne  out  to  a  certain  extent,  but  it  has  also  been  found  that  a  number 
of  sandstones  have  comparatively  wide  distribution,  one  particular 
layer  having  been  followed  continuously  for  50  miles  or  more  along 
its  outcrop.  This  bed  is,  however,  not  regular  in  texture,  being  thin 
or  shaly  or  indurated  at  some  places,  and  at  others  thick  and  massive. 
Other  beds,  though  not  so  prominent  as  the  one  above  referred  to, 
show  evidence  of  considerable  lateral  extent.  Another  factor  that 
has  probably  led  to  the  idea  of  small  lenses  and  extreme  local  varia- 
bility is  the  influence  of  an  irregular  system  of  folds  of  the  strata. 
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The  result  of  sndi  fcdds  is  that  the  sune  sand  may  be  found  at  dif- 
ferent lerels  in  near-fay  well&  It  is  believed  that  the  sands  are  not  so 
lenticobu*  as  they  haTe  been  represented,  and  that  their  apparent 
lenticidarity  is  doe  to  local  Tariations  in  textore  and  to  structure. 

Fori  Scoit  litnestcne. — ^In  its  outcrop  east  and  northeast  of  the 
Glenn  pool  area  the  Fort  Scott  limestone  is  made  up  typically  of 
two  members  separated  by  3  to  5  feet  of  diale,  the  whcde  ranging  in 
thickness  betweoi  10  and  30  feet.  Just  below  the  lower  limestone,  and 
separated  from  it  by  a  foot  or  so  of  shale,  there  is  gcnaaUy  a  bed  of 
coal  12  to  20  inches  thick,  thougji  between  the  town  of  Bidken  Arrow 
and  Arkansas  River  the  coal  bed  pindies  out.  In  this  locality  also 
the  Fort  Scott  limestone  is  thin  and  inoon^icu€ius  in  outcn^ 

The  F<^  Scott  limestone  is  known  to  drillers  as  the  Oswego  lime, 
and  is  one  of  the  most  constant  and  eztansive  formaticms  in  the 
developed  <m1  and  gas  region  of  northern  OUahoma.  The  top  of  the 
Fort  Scott  has  been  used  as  a  datum  surfice  for  the  construction  of  a 
structure  contour  map  of  the  Glenn  podi  region,  which  is  shown  on 
Plate  m  and  discussed  below. 

Formations  above  the  Fori  Scott  Uw^estone. — ^Between  the  top  of 
the  Fort  Scott  limestone  and  the  top  of  a  limestone  exposed  and 
quarried  in  the  bluff  just  south  of  Arkansis  Rivo*,  southeast  of  Sand 
Springs,  there  are  between  1,030  and  1^30  feet  of  beds  made  up  of 
shale,  sandstone,  limestone,  and  coaL 

Near  Tulsa  a  limestone  known  to  drillers  as  die  Big  Ume  occupies 
a  position  in  the  geologic  section  from  about  SOO  to  240  feet  above  the 
top  of  the  Fort  Scott  limestone.  To  the  north  and  northeast  of  the 
Glenn  pool  area  this  limestone  is  extensive  and  conspicuous,  both  in 
outcrop  and  in  the  logs  of  weUs.  About  the  latitude  of  Broken  Arrow 
the  limestone  disappears  in  outcrop  and,  judging  by  the  logs  of  wells 
in  the  Glenn  pool  area,  it  is  believed  that  the  deeply  buried  edge  of 
the  limestone  extends  in  a  southwest  direction  across  the  field  some- 
where between  Red  Fork  and  Mounds,  and  that  the  limestone  noted 
in  well  logs  in  the  southern  part  of  the  field  as  Big  lime  is  really  the 
Fort  Scott  limestone  or  Oswego  lime.  In  the  vicinity  of  Tulsa  the 
presence  of  a  thin  bed  of  coal  just  below  the  Fort  Scott  serves  to 
distinguish  it  from  the  Big  lime,  but  this  coal  does  not  seem  to  extoid 
as  far  south  as  the  southern  part  of  the  Glenn  pool  area. 

FORMATIONS  EXPOSED   IN   THE  GLENN  P0OI<  AREA. 

From  210  to  350  feet  above  the  Big  lime  is  a  coal  bed  20  to  30  indies 
thick,  whose  outcrop  passes  tiirough  Dawson,  thence  southeast  of 
Tulsa,  3  miles  northwest  of  Jenks,  just  west  of  the  town  of  Glenpool, 
thence  southwestward  to  a  point  a  mile  or  so  east  of  Mounds.  For 
convenience  of  discussion  it  is  called  in  this  paper  the  Dawson  coal. 
This  coal  is  an  excellent  datum  sur&ce  for  working  out  details  of 
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structure  but  is  noted  in  only  a  few  well  logs.  .  In  the  neighborhood 
of  Tulsa  the  coal  bed  lies  about  465  feet  above  the  Fort  Scott  lime- 
stone. Near  Mounds  it  should  be  found  about  660  to  670  feet  above 
the  Fort  Scott  limestone. 

About  215  feet  above  the  Dawson  coal  and  680  to  780  feet  above 
the  top  of  the  Fort  Scott  is  a  thin  hard  limestone  of  remarkable  per- 
sistence and  uniformity,  which  outcrops  in  a  number  of  places  in 
the  Glenn  pool  area.  This  bed  is  exposed  in  Tulsa  at  the  junction 
of  the  St.  Louis  &  San  Francisco  and  Missouri,  Kansas  &  Texas  and 
Midland  Valley  railroads,  near  the  north  end  of  the  St.  Louis  &  San 
Francisco  Bailroad  bridge  over  Arkansas  River,  at  a  number  of 
places  between  Red  Fork  and  Jenks,  at  many  places  in  Glenn  pool 
proper,  and  a  short  distance  northeast  of  Mounds.  It  varies  little 
from  2  feet  6  inches  in  thickness  and  is  an  excellent  datum  surface 
for  working  out  details  of  structure.  It  is  known  to  drillers  as  the 
Checkerboard  lime. 

Another  recognizable  bed  in  the  Glenn  pool  area  is  a  limestone  which 
outcrops  at  Lost  City  and  is  locally  known  as  the  ^'  Lost  City  lime- 
f^one."  It  lies  stratigraphically  about  850  feet  above  the  Checker- 
board lime  and  1,080  to  1,180  feet  above  the  top  of  the  Fort  Scott 
limestone.  Its  maximum  measured  thickness  is  about  40  feet,  where 
it  is  exposed  at  the  site  of  a  proposed  cement  plant  near  the  north- 
east comer  of  sec.  18,  T.  19  N.,  R.  12  E.  From  this  point,  both 
northeast  and  southwest,  the  thickness  of  the  limestone  diminishes 
in  short  distances  to  a  foot  or  so.  It  is  quarried  northeast  of  Sand 
Springs  and  at  Lost  City,  in  the  south  bluff  of  Arkansas  River 
southeast  of  Sand  Springs.  From  this  latter  point  the  outcrop  of 
the  limestone  trends  south  and  southwest,  passing  west  of  Sapulpa. 
Above  this  limestone,  in  the  area  shown  on  the  map,  is  an  unmeasured 
thickness  of  shale  and  sandstone  that  has  not  been  examined  in  detail 
and  will  receive  no  further  consideration  in  this  report. 

DEPTH  OF  THE  BOONE  LIMESTONE  IN  THE  GLENN  POOL. 

About  the  latitude  of  Tulsa  the  Boone  limestone  or  Mississippi 
lime,  which  is  a  widespread  and  easily  recognizable  formation  in 
drill  holes  to  the  north,  either  changes  greatly  in  character  or  plunges 
steeply  to  the  south,  causing  more  or  less  confusion  in  well  logs.  A 
thickness  of  about  250  feet  of  strata  variously  interpreted  by  drillers 
as  "  very  hard  black  lime  and  black  sand,"  "  mixed  ground,"  and 
the  like,  at  a  depth  of  950  to  1,200  feet  below  the  top  of  the  Fort 
Scott,  has  been  taken  by  many  drillers  to  be  the  Boone,  but  when  the 
known  divergence  of  the  various  recognizable  beds  and  the  probable 
thickening  of  the  Morrow  and  Pitkin  to  the  south  are  taken  into 
account,  it  is  believed  that  the  interpretation  is  erroneous,  and  that 
the  Boone  lies  still  deeper,  say  at  a  depth  of  about  1,300  feet  below 
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the  Fort  Soott  at  Tulsa  or  About  2fiO0  feet  below  the  ChedDBrtioud 
lime,  whidi  outcrops  in  Tulsa.  It  is  believed  that  the  fMrmatioii 
usually  interpreted  in  the  Glenn  pocd  area  as  the  IfiasiflBq^i  lime  is 
really  the  combined  Mchtow  and  Pitkin. 

As  nearly  as  can  be  ascertained  from  stu^  of  the  lo^  of  wells 
drilled  in  the  Glenn  pool  area  the  thickness  of  the  sectioii  between 
the  base  of  the  Chercdree  and  the  top  of  the  Boone  limestcme  (liGs- 
sissippi  lime) ,  in  which  interval  three  unconf <M-mities  exist,  is  about 
550  feet  This  interval  includes  the  FayetteviUe  formation,  the  Pit- 
kin limestone,  and  the  Morrow  formation,  and  no  attempt  is  here 
made  to  differentiate  them  in  the  columnar  section  shown  on  the  map. 


DEFXXmOXS. 

By  structure  is  meant  the  ^  lay  ^  or  attitude  of  the  strata  compos- 
ing the  geidogic  section  with  reference  to  a  given  leveL  An  upward 
fold  or  arch  is  called  an  anticline  and  a  downward  fold  a  ^yncline. 
Where  strata  have  been  tilted  so  as  to  dip  in  only  one  direction  the 
structure  is  called  a  monocline.  The  axis  of  a  fold  is  a  line  pasang 
through  the  highest  points  along  the  crest  of  an  antidine  or  through 
the  lowest  points  along  the  trough  of  a  syndine.  If  some  particular 
stratum  of  rock  be  taken  as  a  datum  surface,  a  line  representing  this 
surface  will  rarely  be  level  but  will  plunge  and  rise  or  curve  in 
various  directions. 

8TRUCTUBE  OF  THE  BEGIOK. 

The  Gl^m  pool  area  lies  in  the  region  known  as  the  Prairie  Plains 
monocline,  which  extends  as  a  broad  belt  from  Iowa  across  north- 
western Missouri,  eastern  Kansas,  and  central  Oklahoma.  To  the 
east  of  this  monocline  in  Oklahoma  lies  the  Ozark  dome  of  older 
rocks  toward  which  the  strata  rise  and  outcrop  in  roughly  parallel 
zones;  to  the  west  strata  successively  higher  in  the  geologic  section 
are  exposed  in  northeast-southwest  trending  belts.  The  westward 
dip  of  these  formations  is  variable  in  amount,  increasing  from  15 
feet  to  the  mile  in  southern  Kansas  to  nearly  50  feet  to  the  mile  in 
the  Glenn  pool  area.  The  westward  inclination  of  the  strata  is 
neither  constant  nor  constantiy  variable,  but  is  interrupted  by  areas 
in  which  the  formations  lie  flat  or  nearly  so,  whereas  in  other  areas 
the  dip  is  greater  than  normal.  The  structure  is  further  complicated 
by  a  system  of  disconnected  folds  whose  axes  parallel  rou^y  the 
direction  of  general  dip — slightiy  north  of  west.  These  folds  are 
not  well  defined,  but  seem  to  be  elongated,  westward-plunging  rum- 
ples, which  merge  both  to  the  east  and  west  with  the  prevailing 
westward  dip. 
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Investigation  of  the  strata  between  the  top  of  the  Morrow  and 
the  top  of  the  Boone,  where  they  outcrop  northward  from  the  Mus- 
kogee quadrangle,  indicates  that  the  three  unconformities  embraced 
in  that  section  converge  toward  the  north,  finally  merging  into  one 
in  the  southeast  comer  of  Kansas,  thus  eliminating  the  Fayetteville, 
the  Pitkin,  and  possibly  the  Morrow  from  the  section,  and  allowing 
the  Cherokee  to  rest  on  the  eroded  surface  of  the  Boone.  This  seems 
to  be  the  case  also  imder  cover  along  the  ninety-sixth  meridian,  where, 
from  a  study  of  well  logs,  nothing  that  can  be  interpreted  as  repre- 
senting these  three  formations  can  be  recognized  more  than  a  few 
miles  north  of  the  latitude  of  Tulsa.  Southward  from  Tulsa  the 
limestone  beds  in  the  Morrow  and  Pitkin  probably  become  thicker, 
and,  as  discussed  above,  are  likely  to  be  mistaken  for  the  Boone 
limestone.  As  a  number  of  sandstone  beds  occur  between  the.  top  of 
the  Morrow  and  the  top  of  the  Boone  it  is  believed  that  a  great 
many  wells  that  are  productive  at  comparatively  shallow  depths  in 
the  Glenn  pool  area  might  be  deepened  with  good  chances  of  reaching 
still  lower  productive  sands. 

STRUCTUHE   CONTOUR  MAP. 

On  the  map  (PI.  Ill)  an  attempt  has  been  made  to  represent  by 
contour  lines  on  the  top  of  the  Fort  Scott  limestone  (Oswego  lime) 
the  various  structural  features  involving  the  oil  and  gas  sands  and 
associated  strata  in  the  Glenn  pool  area.  The  Fort  Scott  overlies 
the  most  productive  sands  of  the  area,  hence  its  value  as  a  datum 
surface  for  the  construction  of  a  structure  contour  map  depends  upon 
its  known  relation  to  the  formations  below  and  to  the  formations 
exposed  at  the  surface.  The  projection  of  the  structure  of  surface 
formations  to  underlying  strata  necessarily  presupposes  that  no  un- 
conformity or  break  in  the  regular  sequence  of  formations  exists 
within  the  geologic  section  under  consideration  and  that  they  are  all 
parallel  or  nearly  so.  A  study  of  the  logs  ^f  wells  that  penetrate 
formations  above  and  below  the  Fort  Scott,  and  investigation  of  the 
same  formations  in  outcrop,  indicate  that,  although  the  strata  are  not 
exactly  parallel,  there  is  a  more  or  less  regular  convergence  toward 
the  north  and  possibly  a  slight  convergence  of  the  formations  above 
the  Fort  Scott  toward  the  west.  In  other  words,  the  thickness  of  the 
investigated  rock  section  as  a  whole  is  less  toward  the  north,  although 
individual  members  may  vary  irregularly. 

In  the  construction  of  a  contour  map  with  the  top  of  the  Fort 
Scott  as  a  datum  surface  all  available  information,  such  as  the  known 
relation  of  the  limestone  to  other  outcropping  formations,  the  depths 
at  which  it  was  penetrated  in  wells,  and  the  known  convergence  of 
strata  toward  the  north,  has  been  taken  into  consideration.  The 
accuracy  of  the  map  depends,  therefore,  on  the  accuracy  with  which 
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the  structure  of  the  area  has  been  worked  out;  using  the  outcrops  of 
associated  formations  as  criteria,  and  on  whether  or  not  the  logs  of 
wells  have  been  correctly  interpreted.  As  stated  in  the  introduc- 
tion, the  work  in  the  Olenn  pool  area  was  done  hurriedly,  with. a 
view  to  ascertaining  the  general  conditions,  and  it  is  expected  that 
detailed  work  in  the  area  would  doubtless  bring  out  inaccuracies  in 
the  map,  but  it  is  believed  that  in  the  main  the  features  shown  are 
correct. 

A  contour  interval  of  26  feet  has  been  taken  as  best  adapted  for 
showing  the  structure,  and  the  elevations  on  the  top  of  the  Fort 
Scott  are  given  with  reference  to  sea  level.  To  arrive  at  the  depth 
of  a  certain  sand  at  a  given  place,  its  distance  from  the  Fort  Scott 
must  be  known,  also  the  altitude  of  the  surface  of  the  ground  at  the 
desired  locality. 

Below  the  top  of  the  Fort  Scott  for  a  depth  of  800  feet  at  Tulsa 
to  a  depth  of  1,200  feet  near  Mounds  it  is  believed  that  the  under- 
lying formations  conform  to  the  Fort  Scott  in  structure,  though 
with  increasing  depth  there  seems  to  be  an  increase  in  the  rate  of 
divergence  of  the  strata  toward  the  south.  Below  the  depths  named 
a  number  of  factors  of  undetermined  value  may  enter  and  com- 
pletely negative  any  ccmclusions  that  might  be  drawn  from  a  study 
of  the  surface  formations.  Among  the  most  potent  of  these  factors 
are  the  great  thickening  and  change  in  the  character  of  the  forma- 
tions from  north  to  south;  the  presence  of  three  imconformities  or 
breaks  in  the  natural  sequence  of  rocks  between  the  top  of  the  Mor- 
row and  the  top  of  the  Boone  limestone  (''  Mississippi  lime '') ; 
the  thinning  of  the  Pitkin  and  Morrow  formations  toward  the 
north;  and  the  possible  existence  of  a  complex  system  of  faults  and 
folds  which  involved  the  Mississippian  and  the  lower  part  of  the 
Pennsylvanian  prior  to  the  deposition  of  the  main  mass  of  the 
Pennsylvanian. 

RELATION  OF  OIL  AND  GAS  ACCUMULATIONS  TO  FOLDS  IN  THE  STRATA. 

Study  of  the  Glenn  pool  area,  as  well  as  numerous  other  localities 
in  the  same  general  region,  has  served  to  strengthen  the  writer's 
belief  that  in  this  area  geologic  structure  controls,  to  a  large  extent, 
the  accumulations  of  oil  and  gasT  ~  Where  gas,  oil,  and  water,  which 
have  different  specific  gravities,  occur  in  a  porous  medium  like  a 
sandstone^  where  interchange  of  position  is  but  slightly  hindered, 
the  tendency  is  that  the  gas  should  be  forced  to  the  highest  available 
point,  whereas  the  oil  would  lie  below  the  gas  and  the  water  below 
the  oil.  This  relationship  would  obtain,  provided  the  containing 
medium  was  uniformly  porous,  but  in  fact  it  is  not,  hence  a  number 
of  modifying  factors,  scHne  of  undeterminable  importance,  enter 
into  the  list  of  possibilities  that  must  be  considered. 
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As  the  presence  or  absence  of  sands  and  their  d^ree  of  porosity 
can  not  be  foretold  by  a  study  of  surface  formations,  all  that  remains 
for  the  geologist  is  to  work  out  the  geologic  structure  and  to  say  that, 
provided  a  porous  medium  is  present  at  a  certain  structurally  favor- 
able point,  the  chances  of  obtaining  oil  and  gas  at  that  point  are  far 
superior  to  the  chances  of  obtaining  oil  and  gas  at  some  structurally 
unfavorable  point.  In  the  oil  and  gas  region  of  northern  Oklahoma 
it  is  unsafe  to  say  positively  that  oil  or  gas  will  not  be  found  at  any 
particular  place,  but  it  can  be  said  positively  that  certain  localities 
are  much  more  favorable  than  others. 

By  reference  to  the  map  (PI.  Ill)  it  will  be  noted  from  the  defor- 
mation contours  on  the  top  of  the  Fort  Scott  limestone  that  the  axis 
of  a  syncline  trends  approximately  east-west  through  the  town  of 
Sapulpa,  rising  and  dying  out  toward  the  east  until  finally  it  merges 
with  the  general  rise  of  the  formations  in  that  direction.  To  the 
south  of  this  basin  the  Fort  Scott  rises  to  a  broad  area  lying  mainly 
between  and  to  the  south  of  the  towns  of  Kiefer  and  Glenpool. 

From  the  vicinity  of  Kiefer  the  formations  dip  at  comparatively 
steep  angles  to  the  west  and  northwest,  whereas  to  the  east  and  south- 
east there  is  an  area  which  has  the  appearance  of  a  westward-tilted 
elongated  dome.  From  a  point  about  a  mile  south  of  the  middle  of 
T.  17  N.,  R.  12  E.,  the  formations  dip  to  the  southwest,  thus  indi- 
cating a  depression  or  basin  in  the  vicinity  of  Mounds.  Eastward 
from  the  line  between  ranges  12  and  13  the  formations  seem  to  dip 
either  slightly  to  the  east  or  lie  nearly  flat,  but  this  part  of  the  field 
has  not  been  studied  in  sufficient  detail  to  warrant  definite  statements 
concerning  its  structure. 

To  the  north  and  northeast  of  the  sjnicline  through  Sapulpa  there 
is  a  fairly  well  defined  anticline  whose  axis  trends  approximatdy 
east-west  a  mile  or  so  south  of  the  line  between  Tps.  18  and  19  N. 
Along  the  crest  or  on  the  flanks  of  this  anticline  are  a  number  of 
producing  areas,  notably  Red  Fork,  Taneha,  Turkey  Mountain,  and 
the  Ferryman  pool  east  of  Arkansas  River. 

The  region  east  and  southeast  of  Tulsa  is  anticlinal  in  a  general 
way,  the  structure  resembling  an  irregular,  westward-tilted  dome. 

CONCLUSIONS. 

In  the  northern  Oklahoma  oil  and  gas  belt  it  is  almost  an  infallible 
rule  that  where  oil  is  found  in  a  certain  sand,  salt  water  will  be  found 
down  the  dip  at  some  place  in  that  particular  sand,  and  gas  is  likely 
to  be  found  at  some  point  up  the  rise  from  the  oil.  There  are  modi- 
fying conditions,  of  course,  such  as  lack  of  continuity  of  the  sand  in 
one  direction  or  another,  irregular  "  pay  streaks,"  and  various  other 
factors  undeterminable  from  mere  study  of  the  surface  strata. 
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In  wildcatting,  a  knowledge  of  geologic  structure  would  be  of 
great  value.  If  sands  occur  beneath  a  certain  chosen  area,  and  if 
those  sands  contain  oil  and  salt  water,  then  it  is  almost  certain  that 
the  oil  will  be  found  in  the  upward  folds  or  anticlines  and  the  water 
in  the  basins  or  synclines.  The  presence  or  absence  of  the  sands  can 
be  ascertained  only  by  drilling. 

It  is  probably  fortunate  for  the  northern  Oklahoma  oil  and  gas 
field  that  the  productive  sands  are  either  not  continuous  or  not  con- 
tinuously of  sufficient  porosity  from  deeply  buried  pools  to  the  out- 
crops of  the  sands  on  the  east  to  permit  free  passage  of  oil  and  gas, 
because  infiltering  surface  water  would  gradually  displace  these  min- 
erals and  they  would  be  driven  up  the  slope  of  containing  sands, 
finally  to  be  dissipated  in  the  air  or  to  come  to  the  surface  as  asphalt 
deposits.  But  reservoirs  are  produced  as  effectively  by  a  combina- 
tion of  monoclinal  dip  and  lack  of  porosity  or  absence  of  a  sand  as 
by  anticlinal  structure.  The  gas  and  oil,  followed  by  water,  will 
travel  up  the  rise  until  a  zone  in  the  containing  sand  is  reached, 
where  the  sand  either  pinches  out  or  becomes  impervious  or  "  tight." 
Thus,  an  accumulation  of  oil  and  gas  in  a  given  sand  is  likely  to 
have  an  irregular  or  ragged  boundary  (m  the  east  and,  provided  the 
sand  be  continuous  in  that  direction,  a  boundary  of  salt  water  on  the 
west.  To  the  north  or  south  the  productivity  of  a  sand  may  be  termi- 
nated either  by  lack  of  porosity,  absence  of  the  sand,  or,  if  the 
structure  is  favorable,  by  salt  water. 

It  appears,  therefore,  that  vagaries  in  the  development  of  porous 
parts  or  "  pay  streaks  "  in  a  sand  may  produce  reservoirs  where  little 
favorable  geologic  structure  is  evident.  Very  favorable  conditions 
exist  in  the  Glenn  pool — a  combination  of  a  thick  porous  sand  with 
anticlinal  structure.    > 

QUALITY  OF  THE  OIL. 

In  the  following  table  partial  analyses  of  several  samples  of  crude 
oil  from  the  Red  Fork,  Glenn,  and  Moimds  pools  are  shown.  These 
samples  were  analyzed  by  D.  T.  Day,  of  the  United  States  Geological 
Survey.  For  a  description  of  the  method  used  and  the  analyses  of 
many  other  samples  from  the  Mid-Continent  field  see  United  States 
Geological  Survey  Bulletin  381. 
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Anatpget  of  crude  oU  from  OUakoma. 
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THE  DOUGLAS  OIL  AND  GAS  FIELD,  CONVERSE  COUNTY, 

YTTOMING. 


By  V.  H.  Barnett. 


IjOCATION  and  DEyEIX>PMIIXT  OF  THE  FIEIiD. 

The  region  discussed  in  this  paper  comprises  about  180  square 
miles  south  of  North  Platte  River  and  west  of  Douglas  in  Converse 
County,  Wyo.,  and  includes  portions  of  Tps.  32  and  33  N.,  Rs.  72 
to  74  W.  of  the  sixth  principal  meridian.     (See  fig.  2.)    The  Chicago 


TiousK  2.— Index  iiiiq;>  ahowliig  looUioo  of  Doaglas  oil  and  gas  field,  Wyoming.   Arrow  indicates  location 

of  ssetion  shown  on  Plata  V  (p.  108). 

&  Northwestern  Railway  traverses  the  area  in  an  east-west  direction, 
and  surveys  have  been  made  through  the  field  for  a  branch  line  of 
the  Chicago,  Burlington  &  Quincy  Railroad,  which  will  connect  the 
branch  line  to  Orin  with  the  line  to  Powder  River. 

The  first  discovery  of  oil  in  this  field  was  probably  made  in  1894, 
when  in  the  construction  of  an  irrigation  tunnel  in  the  NW.  i  sec.  16, 

306'— Bull.  541—14 i  49 
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T.  32  N.,  R.  73  W.,  a  sandstone  more  or  less  saturated  with  heavy 
oil  was  found  in  the  top  of  the  ''Qoveriy"  formation.  Since  this  di»- 
covery  several  companies  have  put  down  weOs  at  different  times 
until  at  present  some  50  or  60  borings  are  scattered  over  the  Bren- 
ning  Basin.  When  drilling  began  the  presence  of  gas  in  the  basin 
was  little  suspected,  but  a  number  of  the  wells  have  proved  to  con- 
tain more  gas  than  oil.  In  December,  1904,  gas  was  struck  at  a 
depth  of  435  feet  in  a  well  (No.  18,  PL  IV)  in  sec.  4,  T.  32  N.,  R.  73  W., 
in  which,  according  to  a  statement  of  J.  B.  Phillips  in  applying  for 
title  for  mineral  claim,  a  pressure  of  50  poimds  to  the  square  inch 
was  obtained  when  tested  two  days  later.  The  Douglas  Oil  Fields 
Co.  piped  the  gas  to  the  adjoining  claim  and  used  it  for  several  months 
under  a  boiler  for  drilling  and  for  camp  purposes.  Oas  from  this  well 
in  1912  was  still  used  at  the  nearest  house.  Oil  is  reported  to  have 
been  found  in  32  wells,  gas  in  20  wells,  and  water  in  24  wells  in  tins 
basin.  All  the  66  wells  indicated  by  numbers  on  the  map  (PL  IV) 
have  corresponding  numbers  in  the  list  of  wells  on  pages  73-74. 

VEGETATION,  FUEIi,  AND  WATER  SUPPIiY. 

Farming  is  carried  on  extensively  in  favorable  localities,  where 
alfalfa,  timothy,  and  small  grain  are  profitably  raised  by  irrigation. 
The  part  of  the  area  not  under  cultivation  yields  a  good  growth  of 
grass  which  supplies  perennial  range  for  stock. 

The  rainfall  is  not  sufficient  to  support  a  growth  of  timber,  except 
scattered  cottonwood  and  boxelder  trees  along  the  streams  and  a 
few  scrubby  pine  and  cedar  on  some  of  the  rocky  hills.  However, 
marketable  pine  timber  grows  in  isolated  areas  in  the  mountains  to 
the  south,  especially  along  the  precipitous  walls  of  Boxelder  Creek  in 
T.  32  N.,  R.  75  W.  This  area  was  included  in  one  of  the  wood  re- 
serves of  the  old  Fort  Fetterman  Military  Reservation. 

The  domestic  fuel,  for  the  most  part,  consists  of  pine  and  cedar 
wood,  which  is  hauled  from  the  mountains,  and  coal,  which  is  mined 
in  the  northern  part  of  the  area  near  Inez  or  at  Olenrock,  just  north- 
west of  the  field.  Oil  and  gas  have  also  been  utilized  to  a  slight  ex- 
tent as  fuel.  In  1912  a  number  of  ranchmen  in  Brenning  Basin  were 
using  gas  for  lighting  and  heating  and  in  one  place  crude  oil  was  used 
for  heating. 

The  several  streams  which  rise  in  the  mountains  and  flow  across 
the  field  to  North  Platte  River  yield  a  good  supply  of  fresh  water  for 
domestic  use.  For  a  number  of  years  water  from  La  Prele,  Boxelder, 
^d  Little  Boxelder  creeks  has  been  utilized  for  irrigating  small 
tracts  along  these  streams,  but  within  the  last  few  years  irrigation 
on  a  larger  scale  has  been  made  practicable  by  the  completion  of  the 
La  Prele  dam.  This  dam  is  so  located  that  the  water  may  be  used 
to  generate  electricity  before  it  is  allowed  to  flow  into  the  irrigation 
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canals.  "With  this  end  in  view  the  Platte  Valley  Deyelopment  Co. 
has  constructed  a  power  plant  below  the  dam  and  proposes  to  trans- 
mit electricity  to  a  pumping  station  on  the  North  Platte,  where 
water  for  irrigation  is  to  be  taken  from  that  stream. 

Several  good  springs  of  water  seep  from  the  gravel  and  sand  beds 
of  the  White  River  formation,  notably  from  the  thick  conglomerate 
covering  the  higher  hills  in  T.  32  N.,  R.  72  W.  A  perennial  spring 
with  a  flow  of  water  several  inches  in  diameter,  coming  from  the  sand- 
stone or  limestone  of  the  Casper  formation,  rises  at  the  foot  of  the 
mountain  in  sec.  2,  T.  32  N.,  R.  74  W.  Other  springs  of  minor  im- 
portance come  from  the  granitic  rocks  or  the  Casper  formation  along 
the  foot  of  the  mountain  ridge. 
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PURPOSE  OP  THE  INVESTIGATION. 

The  primary  object  of  the  investigation  of  this  field  was  to  ascer- 
tain the  mineral  resources,  especially  oil,  gas,  and  coal,  for  the  pur- 
pose of  classifying  the  land  by  legal  subdivisions  into  mineral  land 
and  nonmineral  land.  A  secondary  object  and  one  closely  connected 
with  the  first  was  to  determine,  so  far  as  possible,  the  geologic  struc- 
ture, the  various  formations  involved,  and  the  conditions  which  have 
resulted  in  the  accumulation  of  oil  and  gas. 

METHOD  OP  PIEIiD  WORK. 

The  Douglas  field  was  mapped  on  a  scale  of  2  inches  to  the  mile 
by  means  of  a  plane  table  and  telescopic  alidade,  the  township  being 
the  unit  represented  by  each  field  sheet.  A  complete  system  of 
triangulation  was  established  covering  the  field,  and  the  stations  of 
this  system  served  the  purpose  of  horizontal  and  vertical  control 
and  as  a  means  of  tying  the  different  plane-table  sheets  together. 
In  beginning  the  primary  control  or  triangulation  a  base  line  1 1 ,200 
feet  in  length  was  measured  with  a  steel  tape  along  a  level  road 
between  two  intervisible  points.  The  line  extended  from  the  north 
quarter  comer  of  sec.  8,  T.  32  N.,  R.  73  W.,  eastward  to  a  point  a 
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short  distance  west  of  the  northeast  comer  of  sec.  10  of  the  same 
township.  The  land  net  of  T.  32  N.,  E.  73  W.,  haying  been  drawn 
on  the  plane-table  sheet  before  entering  the  field,  the  plane  table  ^ 
was  set  up  at  the  west  end  (the  north  quarter  comer  of  sec.  8)  of 
the  base  and  approximately  oriented  by  compass.  The  telescopic 
alidade  was  then  sighted  on  the  station  at  the  opposite  end  of  the 
base,  a  line  was  drawn  along  the  edge  of  the  alidade,  and  the  distance 
as  determined  by  the  steel  tape  scaled  off.  The  exact  position  of 
the  base  line  having  thus  been  determined  on  the  plane-table  sheet, 
lines  were  drawn  in  the  direction  of  a  great  number  of  prominent 
points,  such  as  houses,  trees,  derricks,  and  buttes,  and  the  vertical 
angles  read.  After  sighting  at  as  many  points  as  were  desired  from 
this  end  of  the  base  the  other  end  was  occupied  and  the  table  oriented 
by  a  back  sight  on  the  first  station.  A  second  line  was  then  drawn 
in  the  direction  of  as  many  of  the  points  first  sighted  as  could  be 
seen,  thus  locating  these  landmarks  on  the  plane-table  sheet.  Many 
of  the  newly  located  points  were  in  turn  occupied  and  other  points 
throughout  the  field  were  located  that  were  invisible  from  either  end 
of  the  original  base  line.  This  system  was  contmued  throughout 
the  field  by  transferring  points  on  the  margin  of  one  sheet  to  an 
adjoining  sheet.  Wherever  a  section  comer  was  found  it  was 
located  on  the  map  with  respect  to  triangulation  stations.  Altitudes 
were  determined  in  a  large  part  of  the  area  by  means  of  vertical 
angles,  and  in  addition  a  line  of  levels  was  carried  by  the  same 
method  from  Douglas,  at  an  altitude  of  4,800  feet,  to  each  well. 
(See  p.  73.)  Stadia  traverses  were  employed  in  conjunction  with 
triangulation  for  mapping  formation  boimdaries  and  locating  wells. 
The  map,  Plate  IV,  was  assembled  after  returning  to  the  office  by 
joining  the  individual  plane-table  sheets,  using  the  points  common  to 
two  or  more  of  them. 

liANB  SURVEYS. 

The  positions  of  the  Government  land  comers  shown  on  the  map 
were  determined  by  triangulation  and  therefore  are  correct  so  far 
as  the  scale  of  the  map  would  permit.  No  attempt  was  made  to 
find  all  the  section  comers,  but  in  the  vicinity  of  the  oil  and  gas  wells 
a  considerable  nimiber  were  foimd.  The  net  shown  on  the  map  is 
based  on  section  comers  located  in  the  field  and  from  the  alignment 
map  of  the  Chicago  &  Northwestern  Railway  and  the  General  Land 
Office  plats.  The  net  of  R.  72^  was  drawn  from  plats  in  the  files  of 
the  General  Land  Office  and  from  three  comers  shown  on  the  map 
(PI.  IV),  which  were  located  by  triangulation  in  the  field  and  agree 
with  the  Land  Office  record.     R.  72^  was  surveyed  in  1907,  as  well  as 

1 A  15  by  15  inch  plane  table  was  used  for  mapping  Individual  townships,  but  for  carrying  locations  the 
larger  24  by  24  inch  plane  table  was  employed. 


DOUGLAS  OIL  AND  GAS  FI£LD,   WYO. 


53 


sec.  18,  T.  32  N.,  R.  72  W.,  the  net  of  which  is  copied  from  the  Laud 
Office  data. 

TOPOGRAPHY. 

The  Douglas  oil  field  may  be  described  in  a  general  way  as  a 
rolling  prairie  dotted  with  a  few  prominent  buttes  and  ridges  that 
stand  above  the  general  level  and  inclosed  on  the  south  by  a  low 
range  of  mountains.  Several  small  streams  which  emerge  from  the 
mountains  through  deep  canyons  cross  the  area  in  flat^bottomed 
valleys  and  flow  into  North  Platte  River.  The  main  part  of  the  oil 
field  lies  in  the  so-called  Brenning  Basin,  a  basin-like  area  in  the 
northern  part  of  T.  32  N.,  R.  73  W.,  which  is  surroimded  on  three 
sides  by  an  upland  of  considerably  greater  altitude. 

The  elevation  along  North  Platte  River  is  about  4,800  feet  above 
sea  level,  but  the  land  rises  gradually  toward  the  south  imtil  at  the 
foot  of  the  mountains  it  is  5,400  feet  above  sea.  Thence  to  the 
summit  of  the  range,  a  horizontal  distance  of  less  than  a  mile,  the 
surface  rises  about  600  feet. 

OEOIiOOT. 

8TBATIOBAFHY. 

GENEBAL  SECmON. 

The  rocks  of  the  Douglas  oil  field  and  vicinity  include  about  10,000 
feet  of  Paleozoic  and  Mesozoic  formations,  ranging  in  age  from  Car- 
boniferous to  late  Cretaceous,  and  extensive  beds  of  Tertiary  (Ceno- 
zoic)  age,  as  shown  by  the  following  table: 

Generalized  section  of  rocks  in  the  Douglas  oil  and  gas  field  and  vicinity  j  Wyoming. 


Bystom. 

Series.        Group. 

Fonnatioii  and  member. 

Character. 

Thick- 
ness. 

QoftteniBry. 

1 

Unconformity 

White    River  forma- 
tion. 

Feet, 
.26± 

TertJary. 

OUgooeoe. 

• 

Clay,  conglomerate,  and  sand- 
■tone. 

1,070 

EOOSDO. 

Fort  Union  formation. 

Friable  aandatone  and  ahale 
with  beds  of  ooal. 

(T) 

Crataoeoos  or 
TiBfttary. 

(T) 

Lanoe  formation. 

Friable  sandstone  and  shale 
with  local  bed  of  coal. 

4,000+ 
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OwtraHtedmeiiono/rodxirtlkelhugUuoUaiidgas/itU,  I^mnjnir— Condnuod. 


Lipper  Cn- 


TiDbaUrlocbNin 


Parkman  j!l  iBod- 


aglentll. 


CbucwMBT  tmnuUiHi. 


h  local  bedi  el  ooal  a 


Friable  MudiloDB  and  ■!■«)*> 


Bud  to  braim  -""'*'-— 


Iiaik-blulth  hard  ttale;  maib- 
en  llEhl  blutah  sny  W  rel- 


Darfcviftahale. 


D,  gny,  bud,  and  maiooii 


QneDlah-KraT   llmei 
by  White  R[vei  ifrtDatkiii.' 


■^g 


coaMalsd  by  Whit* 
tdnnatloD,  but  lowrr 


a(  red  mtiy  ahalo. 


Caaper  lOnnatlaD. 
UnooDtDnDlty  — 


^i»  BsadiUna,  interbeddad 
In  Dppei  putt  irlth  oalcamoa 


CiTtlBlUiiB  nob  out  br  ditaa. 
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The  map  (PL  IV)  shows  the  limiting  boundaries  of  each  formation 
listed  in  the  table,  so  far  as  they  could  be  traced.  These  boimdariee 
have  been  extended  across  the  territory  covered  by  the  White  River 
formation  and  represent  the  position  which  the  formations  would 
probably  occupy  if  the  overlapping  White  River  formation  was 
removed.  In  drawing  boimdaries  across  the  White  River  formation 
the  writer  has  used  the  data  afforded  by  well  records,  which,  however, 
if  taken  alone  would  be  of  very  little  use,  but  combined  with  other 
data  are  of  considerable  value.  A  fair  estimate  of  the  thickness  of 
the  several  formations  imder  the  overlap  is  afforded  by  a  measured 
section  of  the  rocks  exposed  in  T.  33  N.,  R.  74  W.  In  this  township 
the  Cretaceous  formations  strike  east  and  west  and  pass  under  the 
White  River  formation  east  of  Boxelder  Creek.  As  shown  on  the 
map,  there  is  an  outcrop  of  the  ^'Cloverly"  formation  in  the  extreme 
southeast  comer  of  the  area.  This,  with  the  other  outcrops  of  the 
formation  (indicated  on  the  map),  gives  data  for  determining  the 
general  strike  of  the  ''Qoverly''  across  the  entire  field  from  east  to 
west.  Other  formation  boimdaries,  where  concealed  by  the  White 
River,  are  drawn  approximately  parallel  to  the  ''Qoverly.'*  It 
should  be  borne  in  mind,  however,  that  the  location  of  the  forma- 
tion boundaries  under  the  White  River  is  more  or  less  hypothetical 
and  that  the  possible  error  may  be  half  a  mile. 

CARBONIFEROUS   SYSTEM: 
0A8PSR  FORMATIOir. 

The  term  Casper  formation  was  proposed  by  Darton^  for  limestone 
and  sandstone  constituting  the  greater  part  of  the  sedimentary  rocks 
in  the  Casper  and  Laramie  Mountains.  Darton  says  that  *' these 
rocks  represent  the  southeastward  extension  of  the  Amsdan  and  Ten- 
sleep  formations  but  are  so  changed  in  character  and  indefinite  in 
statigraphic  limits  that  correlation  is  not  desirable." 

The  Casper  formation  in  the  Douglas  field  is  a  thick  mass  of  lime- 
stone and  sandstone  interbedded  locally  with  red  calcareous  or 
gypsiferous  shale.  It  is  the  oldest  sedimentary  formation  of  the 
region  and  rests  upon  the  uneven  surface  of  the  granite. 

The  lowest  member  of  the  Casper  formation  in  this  area  consists  of 
80  to  100  feet  of  very  hard  coarse-grained  sandstone  interbedded  in 
the  upper  part  with  calcareous  shale.  This  sandstone  resembles  the 
Deadwood  formation  of  the  Black  Hills  and  it  has  been  so  called 
by  Jamison,'  but  in  the  present  discussion  it  wUl  be  included  in  the 
Casper  formation,   as  was  done  in  Darton's  original  description. 

The  following  detailed  section  of  the  rocks  was  measured  in  Box- 

^■™^™"^~^^'~"*"™™""^'^^^— ^~'~~"      ^■^^^-■^~~~~^^~^'^-^^'^—  t 

t  Darton,  N.  H.,  Oaol.  Soo.  Amarica  Bull.,  vol.  19,  pp.  418-430, 1908. 

s  Jamison,  C.  B.,  Tb«  Douglas  oil  field  and  the  Muddy  Creek  oil  field,  Wyoming:  Wyominr;  Oeol.  Sur- 
vey Boll.  3,  ser.  B,  1912. 
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elder  Canyon,  where  the  exposures  are  good.  Fossils  determined 
by  George  H.  Oirty  to  be  of  Mississippian  age  were  collected  from  the 
base  of  the  top  member  and  include  five  species  given  in  the  taUe  of 
Casper  fossils  (station  No.  70  in  Ibt,  p.  57). 

Section  of  lo  ucr  part  of  Casper/ormation  in  Boxeldtr  Ctn^foii,  aee.  6,  T,StN.,  R.  74  W. 

Ft   in. 

Sandstone,  pink,  calcmreous,  with  quartz  pebbles  and  brachiopods.  15 

Conglomerate  of  quartz  pebbles  the  sixe  of  a  pea 7    6 

Shale,  pink,  calcareous 6    6 

limestone,  thin  bedded 1    6 

Shale,  greenish  blue,  calcareous,  with  beds  of  impure  limestone 

4  inches  thick IS 

Sandstone,  heavy  bedded,  very  hard,  locally  contains  white 

quartz  pebbles,  generally  about  as  large  as  a  pea  but  a  few  1^ 

inches  in  diameter 55 

Granite.  

98    6 

The  Casper  formation  is  the  surface  rock  throughout  a  large  part 
of  the  Laramie  Moimtains  just  south  of  the  Douglas  oil  field,  where 
its  thick  resistant  beds  are  folded  and  faulted  about  the  core  of 
igneous  rocks.  It  outcrops  as  a  narrow  strip  along  the  south  aide 
of  the  Douglas  oil  field,  where  a  thickness  of  over  1,100  feet  was 
measured  by  the  writer.    This  section  is  given  below: 

Section  of  Casper  formation  in  $ic.  tS,  T,StN.,  R,  7S  W. 

White  River  formation.  '•it- 
Sandstone,  upper  20  feet  very  hard,  quartzitic  and  cherty 40 

Limestone,  hard,  compact,  impure 15 

Sandstone,  buff,  cross-bedded 160 

Sandstone,  reddish,  readily  breaking  into  slabs  in  lower  part; 

upper  half  calcareous 810 

Dolomite,  hard 10 

Sandstone ,  yellowish 12 

Dolomite,  ^ght  buff ,  hard 211 

Limestone,  blue,  hard,  compact 16 

Shale,  red,  calcareous,  sandy 97 

Sandstone,  white  and  red,  saccharoidal 81 

Dolomite,  pink  and  gray,  impure,  hard  and  cherty 150 

Sandstone,  conglomeratic,  with  some  very  small  white  quartz 

pebbles 81 

Granite.  

1,173 

Fossils  collected  from  the  Casper  formation  are  given  in  the 
accompanying  list.  Three  of  these  species  are  referred  by  Mr. 
Girty  to  the  Pennsylvanian;  the  rest  belong  to  the  liiGssissippian 
series.  It  might  be  added  that  the  three  species  referred  to  the 
Pennsylvanian  were  foimd  near  the  top  of  the  Casper,  and  the  othen 
at  lower  horizons  in  the  formation. 
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Fo$aU$from  Ctuperfonnation  in  the  Douglai  oilfield, 
[DttennlDed  by  Oeotie  H.  Oirty.] 


CamarotflBclilA  ■&  metalUca. 

CamarotoBchiA  ap 

Chonetes  flUoolKiiili 

Composita  sabtflita. 

Derbva  craaMir 

EnteKtCBrap 

Eometiiar  sp. 

SchocfaertelM  chemungeiMiir 
Spirlfer  oentrofatoa. 

8ptrifer»p 

SjrrlD^t&yrii  ap. 

Zaphrentii  ip. 


Statioo 
No. 


70 
87,08 
70 
00 
00 
00 
08 
70 
07 
70 
08 
70 
08 


Town- 
ihipN. 


32 
32 
22 
82 
82 
82 
82 
82 
82 
82 
32 
82 
32 


Range 
W. 


74 
73 
74 
73 
73 
73 
73 
74 
73 
74 
73 
74 
73 


Mteia- 
dpplaii. 


X 
X 
X 


} 


X 

X 


X 
X 
X 


Pennayl- 
vanian. 


X 
X 
X 


The  name  Satanka  shale  was  given  by  Darton  and  Siebenthal  ^  to 
the  red  sandy  shale  which  lies  between  the  Casper  formation  and  the 
Forelle  limestone  in  the  Laramie  region.  The  shale  is  a  red  calcare- 
ous and  gypsiferous  rock,  closely  resembling  the  shale  of  the  Chug- 
water  formation,  but  it  is  separated  from  the  Chugwater  in  the  Lara- 
mie Basin  for  the  reason  that  Pennsylvanian  fossils  were  obtained 
from  the  overlying  Foreile  limestone,  and  this  would  necessarily  mean 
that  the  Satanka  shale  belongs  to  that  series,  whereas  the  Chugwater 
is  probably  Triassic.  No  fossils  were  collected  by  the  writer  in  the 
Douglas  oil  field  either  from  the  Satanka  (?)  shale  or  from  the 
Forelle  (?)  limestone,  but  the  lithology  and  stratigraphic  position 
of  the  shale  and  limestone  agree  with  those  of  the  Satanka  shale  and 
Forelle  limestone  of  the  Laramie  region,  as  described  by  Darton  and 
Siebenthal,  and  for  this  reason  these  terms  are  provisionally  applied 
here  rather  than  the  terminology  employed  in  the  Black  Hills. 

The  soft  Satanka  (?)  shale  lying  between  the  more  resistant  Casper 
strata  below  and  the  Forelle  (?)  limestone  above  is  usually  eroded 
into  shallow,  narrow  valleys.  It  is  not  differentiated  from  the  For- 
elle (?)  limestone  on  the  accompanying  map,  however,  because  the 
scale  would  not  permit.  The  Satanka  (?)  shale,  on  account  of  its 
softness,  is  in  few  places  well  exposed,  but  with  the  Forelle  (?)  lime- 
stone it  outcrops  in  a  very  narrow  strip  in  the  southern  part  of  T.  32 
N.,  R.  72  W.,  and  a  shnilar  strip  in  T.  32  N.,  Rs.  73  and  74  W.  Dar- 
ton and  Siebenthal  state  that  in  the  Laramie  Basin  the  Satanka  shale 
varies  in  thickness  from  a  thin  film  to  240  feet.  There  are  but  one  or 
two  places  in  the  Douglas  oil  field  where  the  shale  is  wholly  exposed, 
and  here  a  thickness  of  only  50  feet  was  observed.     The  following 

1  Dartoo,  N.  H.,  and  Siebenthal,  C.  B.,  Geology  and  mineral  resouroes  of  the  Laramie  Basin,  Wyo.:  U.  B. 
OeoL  Snrvey  Bn)L  304,  p.  23, 1900. 
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section,  which  includes  the  Satanka  (?)  shale,  Forelle  (I)  limeatone, 
and  a  part  of  the  Chugwater  formation,  was  measured  on  La  Ftde 
Creek: 

Section  of  Satanka  (f)  shale,  Forelle  (f)  Umestone,  and  a  part  of  the  CkugwaUr  forma- 
tion near  natural  bridge  in  eec,  16,  T.  St  N,,  R,  7S  W, 

Chugwater  formation:  Ft.    in. 

Shale,  red,  sandy 8 

Limestone,  red,  sandy,  crushed 10 

Shale,  red,  sandy 15 

Sandstone,  slabby  in  lower  half,  upper  part  locally  saccha- 

roidal 2 

Shale,  red,  calcareous,  sandy 12 

Sandstone,  calcareous 4 

Forelle  (?)  limestone: 

Limestone,  with  red  shale  bands  2  or  3  inches  thick  near  base . .  10 
Limestone,  bluish  gray  on  fresh  surface,  slabby,  thin  bedded.  19 

Satanka  (?)  shale: 

Shale,  red,  calcareous 45 

Limestone,  gray 3 

Shale,  red 10 

Limestone ." 4 

Shale,  red,  calcareous 5 

Sandstone,  red,  massive,  top  of  Casper  formation.  

131      5 

FORSLLX  (1)  LDCSSTOHZ. 

The  name  Forelle  limestone,  from  a  station  on  the  railroad  near 
Laramie,  was  applied  by  Darton  and  SiebenthaP  to  a  limestone  ex- 
posed along  the  west  slope  of  the  Laramie  Mountains.  From  their 
description  of  the  formation  and  its  stratigraphic  position  there 
seems  little  doubt  that  the  formation  described  by  them  as  showing 
on  the  west  slope  of  the  Laramie  Moimtains  is  the  same  as  the  lime- 
stone foimd  in  this  field  on  the  north  slope  of  the  same  range.  The 
strata  consist  of  thin-bedded  compact  bluish-gray  limestones  with  a 
slight  pinkish  tint  and  an  average  thickness  of  about  25  feet.  The 
individual  beds  are  from  half  an  inch  to  2  or  3  inches  thick  and  in 
places  are  so  closely  cemented  that  they  present  the  appearance  of  a 
single  heavy  bed  of  limestone. 

The  exposures  of  the  Forelle  ( ?)  limestone  are  not  numerous,  but 
wherever  seen  along  the  south  side  of  Brenning  Basin  they  present 
the  same  thin-bedded  or  laminated  chaiacter  and  are  weathered  into 
low  sharp  ridges. 

iLoccit. 
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TBIA88I0  (?)  SYSTEM. 
OSVOWATB&  FOmilATZOir. 

The  Chugwater  formatioiXi  according  to  Darton/  ''ranges  in  thick- 
ness from  900  to  1^00  feet  and  consists  of  sandy  shales  or^soft  mas- 
sive sandstones,  nearly  all  of  bright-red  color.  Gypsum  deposits  occur 
in  most  places." 

The  Chugwater  formation  is  almost  wholly  concealed  in  this  field 
by  the  overlap  of  the  White  River  formation.  The  only  exposure 
noted  is  in. sec.  16,  T.  32  N.,  R.  73  W.,  where  about  50  feet  of  the 
lower  part  is  exposed  (shown  in  the  top  of  the  section  on  p.  58). 
The  strata  consist  of  red  sandy  shale,  limestone,  and  sandstone. 
It  is  probable,  however,  that  some  of  the  Chugwater  strata  are 
also  exposed  in  sec.  1,  T.  32  N.,  R.  74  W.  The  thickness  of  the 
formation  is  estimated  at  about  1,500  feet.  This  estimate  is 
based  on  a  calculation  of  the  thickness  of  the  beds  concealed  along 
La  Prele  Oeek  in  sec.  16,  T.  32  N.,  R.  73  W.,  and  controlled  by  the 
dip  of  the  ^'Cloverly"  formation  on  the  north  and  the  outcrop  of  the 
ForeUe  (?)  limestone  on  the  south.  As  a  section  of  the  overlying 
Simdance  and  Morrison  formations  was  measured  near  the  southeast 
comer  of  the  field,  the  remaining  thickness  after  subtracting  this  meas- 
urement gives  the  probable  thickness  of  the  C!hugwater  formation. 

JURASSIC  SYSTEM. 
8Xnn>AVCB  FORMATIOir. 

The  marine  Simdance  formation  (of  Upper  Jurassic  ago)  and  the 
overlying  fresh-water  Morrison  formation  (of  Jurassic  or  Cretaceous 
age)  are  poorly  exposed  in  this  area  on  accoimt  of  the  overlap  of  the 
White  River  formation,  but  in  the  east  bluff  of  North  Platte  River, 
about  6  miles  south  of  Douglas,  the  full  thickness  is  exposed  and 
about  180  feet  of  Morrison  formation  and  250  feet  of  Simdance  were 
measured.  The  two  formations  are  similar  lithologically,  each 
consisting  predominantly  of  shale  interbedded  with  sandstone  and 
limestone,  but  the  Simdance  is  marine  and  contains  more  limestone 
than  the  fresh-water  Morrison  formation. 

Section  of  Morrmm  and  Sundance  /ormatum$  in  eoH  bluff  of  North  Platte  River ^  in 

9ec.  9,  r.  SI  N.,  R.  71  W. 

Morrison  fonnation:  Ve&L 

Shale,  blue  and  red,  with  &  6-foot  carbonaceous  shale  near  top.  180 
I^imestone,  compact,  fossilifeirous 3 

I  Darton,  N.  H.,  Paleoiolo  And  MmkmoIo  of  central  Wyoming  Qeol.  Soc.  America  Ball.,  vol.  19,  p.  432, 
IMS. 
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Sundance  fonnation: 

Shale,  blue  and  pink,  calcareous  and  sandy,  fossilitooufl  in 

lower  part 60 

Sandstone 10 

Shale,  bluish  gray,  sandy,  with  few  bands  of  sandstone 00 

Sandstone 12 

Shale,  bluish  gray,  sandy 30 

Sandstone,  gray,  heavy  bedded 75 

430 

Fossils  were  collected  at  two  horizons  in  the  foregoing  section, 
about  50  feet  apart.  In  the  collection  from  the  upper  horizon  T.  W. 
Stanton  determined  a  single  species,  Plancrbis  vtUmum  M.  and  H., 
which  he  refers  to  the  Morrison.  He  also  determined  from  the  col- 
lection from  the  lower  horizon  two  species,  Nucula  sp.  and  Taneredia 
vxirrenana  M.  and  H.,  which  are  referred  to  the  Sundance  formation. 
The  latter  collection  is  from  the  top  member  of  the  Sundance  forma- 
tion, whereas  the  other  is  from  the  3-foot  bed  of  limestone  at  the  base 
of  the  Morrison  formation.  The  formation  boundary,  therefore, 
between  the  Morrison  and  Simdance  formations  is  determined  in  the 
section  within  50  feet. 

Of  the  four  small  areas  of  outcrop  of  the  Sundance  formation  shown 
on  the  map  (PI.  IV)  two  are  v^ified  by  fossils,  one  in  sec.  34,  T.  33  N., 
R.  74  W.,  and  the  other  m  sec.  1,  T.  32  N.,  R.  74  W.  (See  table  of 
fossils  below.)  The  other  two  areas,  one  in  T.  32  N.,  R.  73  W.,  and 
the  other  in  sec.  28,  T.  33  N.,  R.  74  W.,  may  be  partly  or  wholly 
Morrison. 

The  fossils  collected  from  the  Sundance  formation  are  given  in  the 
following  list: 

FauiU/rom  the  Sundance  formation. 
[Detarmlned  by  T.  W.  Stanton.] 


Belemnites  densus  M.  and  U 

Camptonectea  sp 

EumlorotJs  onrta  Hall 

Oryphaaoaloeola  var.  nebresoensia  IL  and  H. 

Nucula  ap 

OttreaatrigOeoulaWhlta 

Tancrediar  inornata  (M.  and  H.) 

Tanorediaap , 

Taneredia  wanenana  M.  and  H. 

TrigoniaoonnuliM.aDdH 


Station 

Town- 

No. 

ship  N. 

91 

31 

73 

38 

72 

33 

71 

32 

73 

83 

73 

83 

gi 

31 

72 

83 

71 

33 

91 

31 

72 

33 

91 

31 

71 

82 

WT 


71 
74 
74 
74 
74 
74 
71 
74 
74 
71 
74 
71 
74 
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JURASSIC   OB   CRETACEOUS   SYSTEM. 
M0BRI80V  FORMATXOir. 

The  Morrison  formation^  which  is  discussed  in  connection  with  the 
Sundance  formation,  is  mapped  with  the  overlying  "Qoyerly''  for- 
mation,  as  it  could  not  be  differentiated  in  the  field.  The  "  Qoverly''- 
Morrison  contact  is  so  poorly  exposed  throughout  the  field  that  little 
evidence  was  obtained  regarding  the  true  relations  of  the  two  forma- 
tions. Future  field  work  in  surroimding  areas  may  throw  some  light 
on  this  subject.  The  scale  of  the  map  is  so  small  that  it  would  not 
permit  much  more  detail  than  is  already  included  on  it,  even  if  the 
data  were  at  hand. 

CRETACEOUS   SYSTEM. 
**OSOVISLT"  rORMATIOir. 

The  "Qoverly"  formation  is  partly  exposed  along  Boxelder  Creek 
m  sees.  27,  28,  29,  and  30,  T.  33  N.,  R.  74  W.;  sees.  6,  7,  17,  and  16, 
T.  32  N.,  R.  73  W.;  sec.  36,  T.  32  N.,  R.  71  W.  of  the  sixth  principal 
meridian,  and  at  several  other  localities  as  shown  on  Plate  lY.  The 
excavation  for  ffii  irrigation  ditch  has  removed  the  cover  in  one  place 
(sec.  27,  T.  33  N.,  R.  74  W.),  where  the  full  thickness  of  the  forma- 
tion appears  to  be  exposed.    This  section  is  as  follows: 

Section  o/"  Chverly*' formation  in  8W,  {  $ee.  £7,  T,  SS  N.,  R.  74  W. 

Ft.    in. 

Sandfltone.  gray  to  buff 25 

Shale,  dark,  llg;ht,  and  sandy  in  upper  half..' 25 

Sandstone,  firm,  hard 3 

Shale,  blue,  sandy,  and  carbonaceous  1      2 

Sandstone,  hard,  coarse 1 

Sandstone,  gray  to  buff,  saccharoidal  (not  well  exposed) 50d: 

105      2± 

The  sandstones  of  the  "Qoverly"  form  a  low  ridge  where  they 
outcrop.  They  are  brown,  buff,  or  gray  in  color  and  locally  con- 
glomeratic andripple-marked.  As  described  by  Darton  and  Siebenthal^ 
the  ''Qoverly"  formation  of  the  Laramie  Basin  consists  of  sandstone 
and  clay,  representing  the  Dakota  sandstone,  Fuson  formation,  and 
Lakota  sandstone,  and  lies  unconformably  upon  the  Morrison  forma- 
tion. As  shown  in  the  foregoing  section,  in  the  Douglas  field  the 
formation  consists  of  two  thick  sandstones  separated  by  a  shaly 
member.  At  the  "Qoveriy"  type  locality,  however,  it  is  under- 
stood, no  Dakota  sandstone  is  present,  and  the  rocks  are  wholly  of 
Lower  Cretaceous  age.  The  application  of  the  name,  therefore,  in 
other  regions  to  include  strata  of  Upper  Cretaceous  age  is  not  regarded 
as  good  usage,  and  for  that  reason  the  name  is  now  quoted. 

>  Loo.  cit. 
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OOLORABO  OBOirP. 

BBKTON  SHALL 

The  Benton  shale  consists  of  about  1|600  feet  of  dark  and  light 
shale  with  a  thick  sandstone  member  near  the  top.  It  lies  directly 
upon  the  "Cloverly"  formation  and  is  followed  above  by  about  100 
feet  of  hard  chalky  shale  of  the  Niobrara.  The  Benton  shale  com- 
prises at  the  base  about  220  feet  of  dark  soft  shale  overlain  by  about 
175  feet  of  dark-bluish  hard  shale,  the  Mowry  shale  member,  which 
weathers  light  bluish  gray  to  yellowish  and  produces  low  ridges. 
Above  the  Mowry  member  is  some  870  feet  more  of  dark  soft  shale 
which  is  overlain  by  100  feet  of  gray  to  yellowish-brown  sandstone 
containing  locally  abundant  Benton  fossils.  Above  the  sandstone 
member  and  below  the  Niobrara  shale  there  is  about  300  feet  of  dark 
shale  similar  to  the  dark  shale  in  the  lower  part  of  the  formation. 

Section  of  the  Benton  $hale  measured  in  $ec,  29 ^  T.  33  AT.,  R.  74  W, 

Feet. 

8hale,dark 300 

Sandstone,  forming  ridge,  fossiliferous 100 

Shale ^. 867 

Shale,  dark,  weathering  light  bluish  gray;  yellowish  gray  in  upper 

half,  and  locally  forming  pine-clad  riches  (Mowry  shale  member)  175 
Clay  (bentonite?),  gray  and  yellow  mottled,  gummy,  interbedded 

in  darker  clay  (one  bed  of  the  light  clay  8  inches  thick) 3 

Shale,  dark 215 

1,660 

A  collection  of  invertebrate  fossils  from  the  sandstone  member  of 
the  Benton  yielded  nine  species,  which  T.  W.  Stanton  assigned  to  the 
Benton  shale.  These  fossils  are  included  in  the  list  on  pages  64-65, 
where  they  are  designated  by  station  No.  74.  The  fossiliferous  sand- 
stone member  of  the  Benton  shale  in  the  foregoing  section  corre- 
sponds with  the  Wall  Creek  sandstone  lentil  of  the  section  in  the 
Salt  Creek  field,  as  described  by  Wegemann.^  The  Mowry  shale 
member  of  the  Benton,  about  175  feet  thick,  is  shown  in  the  section, 
but  its  limits  are  not  defined  on  the  map,  Plate  IV,  because  the  scale 
will  not  permit.  The  base  of  the  Mowry  in  sec.  29,  T.  33  N.,  R.  74 
W.,  is  marked  by  some  thin  beds  of  bentonite,  a  compact  clay  which 
has  the  property  of  absorbing  great  quantities  of  water.  The  Mowry 
contains  numerous  fish  scales,  a  characteristic  feature  of  the  member, 
and  locally  produces  low  roimded  pine-clad  ridges,  another  feature 
characteristic  of  the  Mowry  member  in  this  vicinity. 

1  Wegemann,  C.  H.«  The  Salt  Creek  oil  field,  Natrona  County,  Wyo.:  U.  S.  OeoL  Survey  Bull. 463, 1911, 
pp.  37-83. 
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NIOBRARA  SHALE. 

The  Benton  shale  is  overlam  m  sec.  25,  T.  33  N.,  R.  75  W.,  by 
about  100  feet  of  hard  chall^  Niobrara  shale,  which  contains  a  few 
Ostrea  eongesta  (Conrad)  and  some  fragments  of  an  Inoceramus 
characteristic  of  the  Niobrara.  The  outcrop  of  the  shale  was  trav- 
ersed for  a  distance  of  a  little  over  a  mile,  as  indicated  on  the  map 
(PI.  rV)  by  a  solid  line  at  the  top  of  the  Benton  shale,  in  T.  33  N.,  R. 
75  W.  East  and  west  of  this  outcrop  the  position  of  the  Niobrara 
is  inferred,  as  indicated  on  the  map  by  the  broken  line.  It  is  con- 
tinued eastward  across  the  White  River  formation  (indicated  by 
dotted  line  on  the  map)  approximately  parallel  to  the  line  mark- 
ing the  top  of  the  * 'Cleverly"  formation,  which  projects  through 
the  White  River  in  T.  32  N.,  R.  73  W.,  and  outcrops  in  the  bluflF  of 
North  Platte  River  in  the  southeast  comer  of  the  field. 

KOHTAVA  OBOirP. 
PIBRRR  FORMATION  AND  FOX  HOXS  (7)  BANDSTONX. 

The  Niobrara  shale  is  succeeded  by  about  5,000  feet  of  interbedded 
shale  and  sandstone,  which  is  largely  marine.  There  is,  however,  in 
the  upper  part  a  few  coal  beds  above  which  marine  fossils  were  col- 
lected. Besides  Halymenitea  major  Leequereux,  the  collection  in- 
cludes about  10  species  of  invertebrates,  which  according  to  Mr. 
Stanton  probably  belong  to  the  Fox  Hills.  The  species  include  those 
in  the  list  (pp.  64-65)  bearing  locality  Nos.  85  and  86.  In  the  area  dis- 
cussed in  this  report  the  Montana  group  is  exposed  only  in  the  western 
part  of  the  field,  mainly  in  T.  33  N.,  Rs.  74  and  75  W.,  but  one  little 
exposure  was  noted  in  sec.  19,  T.  33  N.,  R.  73  W.,  as  indicated  on  the 
map.  The  following  section  was  measured  in  T.  33  N.,  R.  74  W., 
and  compares  favorably  (except  in  the  upper  part)  with  the  section 
of  the  Montana  group  in  the  Salt  Creek  oil  field  described  by  Wege- 
mann.^ 

Section  of  Montana  group  in  T.  33  N.,  R.  74  W. 

Ft.  In. 

Sandstone,  brown,  friable,  with  TJalyriieniUs  major  and  other 

marine  fonns  and  with  a  thin  bed  of  oysters  near  middle.  50 

Shale,  brown,  carbonaceous 4  11 

Coal 2  2 

Shale,  brown,  carbonaceous 1  6 

Coal 1  9 

Shale,  brown,  carbonaceous 1  9 

Sandstone,  friable 1  6 

Coal,  bony 8 

1  Loo.  oU. 
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Cl»y 

Shkle,  brown,  o 

Co»l 

8«ndahme,  triable,  inteibedded  with  ehak,  cvbonaccoos  and 

Huidy 1 

Sandstone,  buS,  nuai\-e  bedded 

SandBloneand  diale 1 

Sandetflue,  buff  and  brown 

Shale,  darK,  with  calcareoua  coDcretiraa 1 


6,118      9 


In  the  forgoing  section  the  following  comparisons  may  be  made 
with  the  section  of  the  Montana  group  in  the  Salt  Creek  oil  field. 
The  lower  1,900  feet  of  dark  shale  with  includouB  of  sandstone  and 
calcareous  concretions  is  typical  of  the  Pierre.  Overlying  this  shale 
is  a  thick  sandstone  (300±feet}  which  seems  to  occupy  the  same 
stratigraphic  position  as  the  Shannon  sandstone  lentil  of  the  Salt 
Creek  field.  At  1,100  feet  above  this  is  another  sandstone  about  150 
feet  thick  occupying  the  stratigraphic  position  of  the  Porkman  sand- 
stone member.  The  Fox  ffills  sandstone  is  probably  represented  in 
the  upper  1,600  feet  of  the  section,  but  it  can  not  be  dififerentiated 
from  the  lower  beds  of  the  Montana  group  until  more  detailed  field 
work  is  done.  Further  detailed  work  may  prove  also  Uiat  the  150- 
foot  sandstone  here  referred  to  the  Parkman  is  a  much  higher  sand- 
stone and  the  300±feet  of  sandstone  referred  to  the  ^atmon  sand- 
stone lentil  is  the  Parkman  member,  the  Shannon  sandstone  lentil 
being  absent.  The  following  list  of  fossils  includes  all  invertebratee 
from  the  Colorado  and  Montana  groups  collected  in  the  field. 

FoniUfron  Colorado  and  ifontotut  ffroupn. 
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Fo$$Uifrom  Colorado  and  Montana  group$ — Continued. 


Dooazr  sp.  related  to  D.(f )  oblonga  Stantoo. 

Donaz?  sp 

FaadolariaT  sp 

HamlneaTsp 

InooeraniofDarabini  Morton 


Inocttrnmns  fri^illB  H.  and  M.  yarletj. 

Inooeramasobiongiulleek 

InoeeramassageDsliOwenr 


Inooeramnssp 

Ledasp 

LfUclna^. 

Lanatia  sp 

liactraKraoiUBM.andH 

liactra  haerlianflnsii  Stanton . 
Maotrasp 


ICactra  wan«aana  M.  and  H.  7. 


llksrabaciaamerloana  M.  and  H. 

Modiolasp 

Modlola  ^pinJana  E.  and  8 

NoculacanoeHata  11.  and  H 

NacQiasp 

Ostiea  jMUodda  M.  and  H 


Ostrea  solenisoiis  Meek. 

Ostreasp 

Pmtocardia  sabqnadiata  E.  and  B . 


Sta- 
tion 
No. 


Protocardiat  q>. 
Pyrlittsossp. ... 
Seaphitessp 


8ea]aria7n> 

Shark's  tooth 

Syncyclonema  rlgkla  H.  and  M. 

STncydonema  sp 

TUlina  scitola  M.  and  H 

TeDinasp 

Thetb  cironlaris  M.  and  H.  7. . . . 

Tunis  minor  M.  and  H 

Vanikoroambigua  M.  and  H... 


74 
74 
80 
86 
77 
82 
74 
78 

78,81 
80 
83 
78 
78 

74,86 
79 
74 
88 
84 

78,81 

80,86 
83 
83 

78,81 
86 
84 
85 
74 

80.86 
78,81,83, 
84 
88 
83 
88 
80 
83 
74 
76 
78 
83 
86 

74,80 
84 

81,78 
80 


Town- 
ship 

N. 


33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

83 
83 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 


Range 
W. 


74 
74 
74 
74 
74 
76 
74 
76 
76 
74 
76 
75 
75 
74 
74 
74 
73 
76 
76 
74 
76 
76 
76 
74 
76 
74 
74 
74 
76 

73 
76 
73 
74 
76 
74 
76 
76 
76 
74 
74 
76 
75 
74 


Ben- 
ton 
shale. 


X 
X 


X 

'x 


Mon- 
tana 
group. 


X 
X* 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 


X 
X 


Moo- 


groop; 

pnib' 
ably 
Fox 

HlUi. 


X 
X* 


X 
X 
X 


X 
X 


X 

x' 


FoBsilB  from  stations  83  and  84  were  identified  by  F.  H.  Kiiowlton 
as  Hdlymemtes  major  Lesq.  and  were  assigned  to  the  Fox  Hills. 

CBBTACEOUS   OJl  TERTIARY   SYSTEM. 
LAVOZ  JLBTD  FORT  UlTIOV  (1)  FORMATIONS. 

The  Montana  group  is  overlain  within  the  limits  of  the  area  repre- 
sented on  Plate  IV  by  about  4,000  feet  of  strata  which  include  the 
Lance  formation  and  possibly  some  of  the  Fort  Union  formation,  but 
no  attempt  is  made  by  the  writer  to  differentiate  the  two  formations, 
as  the  field  work  was  confined  mainly  to  older  rocks.  The  scope  of 
this  paper  does  not  permit  a  discussion  of  these  formations  in  detail, 
but  as  two  lots  of  fossil  plants  were  collected,  the  fossils  are  included 
in  the  list  below.  All  these  species  are  referred  by  Mr.  Knowlton  to 
the  Fort  Union.    Station  89  is  near  the  top  of  the  Inez  group  of  coal 

365'— Bull.  541—14 5 
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beds,  about  3,000  feet  stratigraphically  above  the  top  of  the  Montana. 
Station  90  is  at  a  little  hi^ier  horizon. 

FouU planiifnm  the Dougloi oUandgoiJidd, 
PHCvmlDtd  by  F.  H.  Knofidton.] 


AnUft  notBta  Lmq 

AisUa,  pvbftps  iMw 

FiBut  •rtocarpoideBr  Lmq 

Ginkgo  sp 

PktnmM,  probttblT  P.  haydanll  N«wb 
—  nynokUlNcwb 

iTsp 


Btetioo 
No. 


90 


dilpK. 


W. 


73 
73 
73 
73 
73 
73 
13 
73 
73 


TEBTIABT  SYSTEM. 


WHXTB  BIVXB  FOKHATXOV  (OUGOOSn). 


As  stated  in  a  previous  paragraph  and  shown  on  the  map,  a  laige 
part  of  the  Douglas  oil  ficdd  is  covered  with  a  thick  mantle  of  the 
White  River  formation,  which  rests  imconformably  on  all  the  lower 
formations.  It  is  composed  largely  of  clay,  with  fine  sand,  lime- 
stone, and  conglomerate  occurring  at  various  places  in  the  forma- 
tion. The  total  thickness  of  the  formation  exposed  from  the  top  of 
Table  Moimtain  to  the  bed  of  La  Prele  Creek,  including  the  90-foot 
cap  of  conglomerate,  is  580  feet.  The  exposures  are  poor,  but  so  far 
as  can  be  seen  the  490  feet  below  the  conglomerate  is  composed 
largely  of  clay,  mostly  of  drab  and  gray  shades,  but  some  of  pink  or 
green.  The  conglomerate  is  made  up  laigely  of  quartz  or  quartzite 
pebbles,  with  here  and  there  a  bowlder  of  granite,  tJie  whole  cemented 
together  with  calcium  carbonate.  The  pebbles  average  about  half  an 
inch  in  size,  though  many  are  much  larger.  One  granite  bowlder 
was  noted  having  a  diameter  of  18  or  20  inches.  The  most  promi- 
nent bed  of  conglomerate  noted  is  on  the  east  side  of  Brenning  Basin 
and  is  90  feet  thick,  capping  Table  Mountain  and  extending  over  a 
large  part  of  T.  32  N.,  R.  72  W. 

QUATERNARY   SYSTEM. 

Alluvium  along  the  streams  and  some  local  deposits  of  imconsoli- 
dated  gravel  and  sand  constitute  the  only  beds  of  Quaternary  age  in 
the  Douglas  field.  An  attempt  was  made  to  map  the  aJluvium 
along  North  Platte  River  and  Boxelder  and  La  Prele  creeks,  as 
shown  on  the  map  (PI.  IV),  but  the  gravel  and  sand  were  not  mapped. 
These  materials  were  laid  down  unconformably  upon  the  YSliite 
River  formation,  from  which  it  is  in  places  difficult  to  distinguish 
them.    The  thickest  bed  of  Quaternary  material  observed  in  the 
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field  IB  in  the  east  bank  of  Little  Boxelder  Creek  in  the  NE.  \  sec.  25, 
T.  33  N.,  B.  74  W.^  where  there  is  a  cliff  40  feet  high,  the  upper  half 
of  which  is  gravel  and  sand  of  Quaternary  age,  and  the  lower  half 
the  YThite  River  formation. 

IGNBOTTS  BOOKS. 

Underlying  the  Casper  formation  just  south  of  the  Douglas  oil 
field  and  forming  the  core  of  the  Laramie  Moimtains  is  red  granite, 
which  is  cut  by  basic  dikes  of  various  kiads.  Only  one  little  area 
of  the  granite  is  indicated  on  the  map,  but  it  forms  the  surface  rock 
of  a  large  part  of  T.  32  N.,  Rs.  74  and  75  W.,  just  south  of  the  area 
treated  in  this  report.  The  granite  exposed  in  sees.  23,  26,  and  27, 
T.  32  N.,  R.  73  W.,  is  cut  by  several  parallel  dikes,  as  indicated  on 
the  map.  The  dike  rock  is  a  hornblende  gneiss,  as  determined  in  the 
laboratory  of  the  United  States  Geological  Survey  by  J.  Fred  Himter, 
from  microscopic  slides.  The  dikes  have  been  prospected  for  copper 
by  local  mining  companies,  one  prospect  having  been  extended  into 
the  largest  of  the  dikes  to  a  depth  of  about  75  feet.  A  little  copper 
in  the  form  of  chalcopyrite  was  foimd,  but  it  is  hardly  probable  that 
it  wiU  ever  be  found  in  paying  quantities. 

STBTJCrUBB. 

The  overlap  of  the  White  River  (Tertiary)  formation  renders  the 
interpretation  of  the  structure  of  the  older  beds  very  difficult,  yet  it 
is  apparently  monoclinal,  with  a  general  dip  toward  the  north.  This 
int^retation  is  based  on  the  observed  dips  of  the  older  beds  north, 
west,  and  south  of  the  overlap.  At  all  these  places  the  dip  is  uni- 
formly toward  the  north,  northeast,  or  northwest,  with  the  excep- 
tion of  a  narrow  belt  in  T.  33  N.,  Rs.  74  and  75  W .,  where  the  beds 
are  slightly  overturned  to  the  north.  If  the  great  fault  described  by 
Darton,^  as  striking  eastward  in  the  vicinity  of  Casper  Mountain  (20 
or  30  miles  west  of  the  Douglas  oil  field),  extends  under  the  mantle 
of  the  White  River  formation,  it  probably  has  no  great  throw,  as  the 
structiure  seems  to  resemble  a  fold  more  than  a  fault.  That  this 
flexure  was  produced  by  compressive  forces  is  evident,  however, 
from  the  fact  that  there  are  niunerous  small  thrust  faults  and  some 
overturned  strata  at  a  number  of  places  ia  the  field.  The  displace- 
ment in  most  of  the  small  faults  is  only  a  few  inches.  Such  an  over- 
thrust  was  observed  in  sec.  25,  T.  33  N.,  R.  75  W.,  where  a  sand- 
stone in  the  Benton  shale,  dipping  at  a  high  angle,  has  been  broken 
by  a  series  of  parallel  faults,  as  shown  in  figure  3.  There  are  also 
overturned  strata  in  sees.  31,  32,  33,  and  34,  T.  33  N.,  R.  75  W., 

I  Darton,  N.-H.,  Fnibnhiars  raport  on  tfat  fwlogy  and  undergnnind  water  nworoeB  of  the  central  Great 
PlalnK  U.  B.  GaoL  Barnj,  Prof.  Paper  S2,  pp.  5S-66, 1906. 
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and  sees.  28  and  34,  T.  33  N.,  R.  74  W.  The  fault  in  T.  32  N^ 
B.  73  W.,  is  distinct  in  the  White  River  foimation  and  is  indicated 
on  the  map  by  a  solid  line.  No  data  are  at  hand  bearing  upon  the 
amount  of  throw  of  the  fault,  but  it  is  belioved  to  be  small. 


T33  N 


R.  75  W. 


Fiouits  8.— Faults  cutting  sandstone  In  Benton  shale,  T.  83  N.,  R.  75  W^  Wyoming. 

Olli  AND  GAS. 

OCCUBRENCE. 

There  are  several  localities  in  the  Douglas  field  where  oil  finds  its 
way  to  the  surface  in  the  form  of  seeps  or  springs.  About  1894, 
while  a  tunnel  was  being  dug  for  an  irrigation  ditch  in  the  N  W.  J  sec. 
16,  T.  32  N.,  R.  73  W.,  a  sandstone  m  the  top  of  the  "Qoverly" 
formation  was  penetrated  and  found  to  be  saturated  with  oil.  At 
another  place  in  sec.  6,  T.  32  N.,  R.  74  W.,  in  the  bed  of  Boxelder 
Creek,  oil  seeps  from  the  top  of  the  Casper  formation,  appearing  on 
the  surface  of  the  water.  StUl  another  oil  seep  is  reported  by  Jamison  ^ 
in  a  small  ravine  near  the  northwest  comer  of  T.  32  N.,  R.  73  W. 
Oil  is  obtained  from  wells  in  sees.  8  and  9,  T.  32  N.,  R.  73  W.,  and  a 
small  quantity  from  a  well  in  sec.  31,  T.  33  N.,  R.  74  W.  In  the 
last-mentioned  well  the  oil  seems  to  come  from  the  same  horizon  as 
the  oil  that  appears  on  the  water  in  Boxelder  Creek  about  a  mile 
south  of  the  well.    Oil  in  the  wells  in  sees.  8  and  9,  T.  32  N.,  R.  73  W., 

seems  to  come  either  from  the  top  of  the  ''Qoverly"  formation  or 



I  Jamison,  C.  E.,  Wyoming  Oeol.  Survey  Bull.  3,  ser.  B,  1912. 
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from  the  lower  part  of  the  Benton.  The  wells  in  sec.  8,  however, 
yield  a  much  lighter  oil  than  those  in  sec.  9.  This  suggests  differ- 
ent horizons  or  at  least  different  conditions  of  accumulation.  It  is 
probable  that  in  sec.  8  the  oil  is  held  in  a  reservoir  formed  either 
by  a  small  anticline,  suggested  by  the  curve  in  the  outcrop  of  the 
"Qoverly"  and  the  Chugwater  formations,  or  by  the  White  River 
formation,  which  overlies  the  older  rocks  and  on  account  of  its  water- 
saturated  condition  is  impervious  to  oil.  In  sec.  9  the  wells  are  near 
the  seeps  and  also  near  a  fault,  so  that  the  lighter  elements  of  the 
oil  may  have  escaped,  leaving  a  heavy  oil  behind. 

It  is  difficult  to  determine  with  any  degree  of  certainty  the  geologic 
structure  imder  the  heavy  mantle  of  the  White  River  formation. 
Jamison  ^  has  assumed  an  anticline  striking  in  an  east-west  direction 
through  the  northern  part  of  T.  32  N.,  R.  73  W.,  but  the  writer  is 
inclined  to  the  view  that  the  beds  dip  rather  uniformly  toward  the 
north  and  that  the  accumulation  of  oil  and  gas  is  due  to  the  thick 
impervious  mantle  of  clay  of  the  White  River  formation.  The  base 
of  the  White  River  seems  to  contain  conglomerate  and  other  porous 
material  in  which  the  oil  and  gas  might  accumulate  after  migrating 
from  the  imderlying  older  rocks.  Such  a  relationship  exists  in  the 
Coalinga  district,  California,  described  by  Arnold  and  Anderson  '  as 
follows: 

Within  the  teeted  territory  of  the  Coalinga  district  it  has  been  found  that  the  areas 
of  Miocene  sediments  (either  Vaqueroe,  Santa  Maigarita  (?),  or  Jacalitos)  immediately 
miderlain  by  the  shales  of  the  Tejon  are  oil  bearing;  that  the  productiveness  of  these 
beds  varies  roughly  inversely  with  their  distance  from  the  shales  of  the  Tejon;  that 
the  productiveness  is  greatest  where  the  Tejon  occupies  a  position  of  angular  imcon- 
formity  with  the  Miocene  sands  or  is  more  or  less  disturbed,  as  near  the  axis  of  an 
anticline  such  as  the  Coalinga  anticline. 

The  White  River  formation  in  the  Douglas  field  rests  unconf onnably 
on  the  upturned  edges  of  the  older  rocks,  which  include  nearly  all  the 
beds  of  the  Colorado  and  Montana  groups,  both  of  which  are  known 
to  yield  oil  in  the  Salt  Creek  field  and  near-by  areas.  It  is  believed 
by  the  writer  that  the  oil  in  migrating  upward  along  bedding  planes 
and  through  porous  sandstone  finds  a  barrier  when  it  reaches  the 
White  River  formation,  so  that  oil  and  gas  accimiulate  near  this 
line,  penetrating  the  White  River  only  where  they  encounter  lenses 
of  porous  material  or  fault  planes.  There  are  at  least  two  parallel 
faults  cutting  the  White  River  formation  in  T.  32  N.,  R.  73  W.  (see 
PL  IV),  and  others  are  believed  to  exist.  In  sec.  6,  T.  32  N.,  R.  72  W., 
heavy  oil  is  reported  in  a  water  well  at  a  depth  of  175  feet.  The 
White  River  formation  is  almost  certainly  over  175  feet  thick  at  this 


iLocott. 

>  Arnold,  Ralpii,  and  Anderson,  Robert,  Geology  and  oQ  resonroee  of  the  CoaUnga  district,  California: 
U.  S.  GeoL  Surrey  BnU.  a98^  p.  186»  1910. 
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place,  so  that  probably  the  oil  is  in  the  White  River,  having  migrated 
from  older  underlying  beds. 

Oil  is  found  in  the  Salt  Creek  field,  according  to  Wegemann,^  as 
high  in  the  section  as  the  Shannon  sandstone,  a  lentil  in  the  Pienre 
formation.  If  the  boimdaries  of  that  formation  where  it  extends 
under  the  White  River  are  as  indicated  on  the  map,  then  the  wells 
in  the  northern  part  of  T.  32  N.,  R.  73  W.,  if  extended  entirely 
through  the  White  River  formation,  would  penetrate  shale  of  the 
Pierre  formation  below  the  horizon  of  the  Shannon  sandstone  lentil. 
The  writer  holds  that  less  than  half  of  the  wells  in  the  Brenning  Basin, 
except  those  near  the  outcrop  of  the  ^'CHoverly "  formation,  have  gone 
deep  enough  to  enter  the  older  formations.  U  this  is  granted,  another 
hypothesis  must  be  postulated,  namely,  that  the  White  River  for- 
mation occupies  an  old  vaUey,  the  bottom  of  which  is  near  the  same 
elevation  as  the  present  bed  of  North  Platte  River  above  Douglas. 
To  illustrate,  the  ^evation  of  the  bed  of  North  Platte  River  at  Douglas 
is  about  4,750  feet.  The  altitude  of  the  surface  at  well  No.  2  in  sec.  1, 
T.  32  N.,  R.  73  W.,  is  5,140  feet,  and  the  depth  to  the  bottom  of  the 
White  River  formation  in  this  well  (according  to  the  writer's  inter- 
pretation of  the  well  log)  is  at  least  412  feet,  making  the  base  of  the 
White  River  formation  4,728  feet  above  the  sea,  or  22  feet  lower  than 
the  bed  of  the  North  Platte  at  Douglas.  From  other  calculations,  the 
elevation  of  the  base  of  the  White  River  varies  in  different  wells  from 
about  4,600  to  5,244  feet ;  therefore,  to  accoimt  for  this  variation,  it  is 
held  that  prior  to  the  deposition  of  the  White  River  there  was  a  valley 
extending  eastward  from  the  Brenning  Basin  and  passing  just  south 
of  Douglas. 

CHABACTEB  OF  THB  OIL. 

There  are  two  grades  of  oil  in  the  Douglas  field.  One  of  these  is  a 
heavy  oil,  having  a  specific  gravity  ranging  from  0.9309  to  0.9743, 
and  the  other  is  comparatively  light  and  has  a  specific  gravity  of 
0.8439.  The  light  oil  is  of  good  quality,  as  shown  by  the  analysis 
below.  The  well  from  which  this  oil  comes  (No.  30,  PI.  IV)  is  re- 
ported to  have  yielded  about  40  barrels  a  day  for  a  long  time,  the  oil 
being  used  in  connection  with  the  construction  of  the  La  Prele  dam. 
The  heavy  oil  is  said  to  be  a  good  lubricating  oil  in  the  crude  state, 
having  been  used  on  the  machinery  of  drilling  outfits. 

The  following  analyses  of  oil  from  the  Douglas  field  were  made  in 
the  laboratory  of  the  United  States  Geological  Survey  under  the 
direction  of  David  T.  Day: 

Sample  No.  1,  from  well  No.  30,  is  evidently  the  best  oil  in  the 
field.     This  sample  was  unoxidized,  having  been  pumped  direct  from 

I  WegBmann,  C.  H.,  The  Salt  Greek  oil  field,  Natrona  County,  Wyo.:  U.  S.  OeoL  Surrey  BoU.  4Sa^  pp^ 
S7-«8. 1911. 
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ihe  well  and  at  once  soldered  in  a  can.  Mr.  Day  says  that  it  "would 
be  classed  as  regular  Pennsjlvania  crude  and  evidenUy  con^ta 
entirely  of  paraffin  hydrocarbons.  It  ^ves  an  amount  of  gasoline 
and  kerosene  sufficient  to  constitute  a  good  refining  oil,  and  the 
residue  would  be  satisfactory  for  cylinder  oils." 

Sample  No.  2,  from  well  No.  49,  was  procured  from  a  tank  where 
it  had  stood  partly  exposed  to  the  weather  for  two  or  three  mondis. 

Sample  No.  3,  from  well  No.  66,  was  procured  from  oil  floating  on 
the  water,  which  fills  the  casing  nearly  to  the  siu^ace  of  the  ground. 
Hiis  oil  is  so  stiff  that  the  sample  was  wound  about  a  stick  in  order 
to  lift  it  from  the  casing. 

Anatyteto/oiltfivmDouglat  oilfield,  Wyommg. 
[Ibda  in  Um  U>ontarr  ol  tha  UnltMl  Blatas  OMilaclnl  Snmr,  DkTld  T.  Da7  In  obane.) 

Pbyilcal  pnpmtles. 


ss 


I!; 
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CHAItACTBK  OF  THE  OAS. 

The  following  analysis  of  gas  from  the  Douglas  field  was  made  by 
Frederick  Salathe,  of  Casper,  Wyo,,  in  1904: 

Andtyti*  of  lample  of  iiatural  ga>  fiom  the  DougloM  oil  and  gai  field,  Wyominff.* 
lAnaljtod  by  F.  Balatlie,  rormerly  In  cbarga  o[  the  an  ttOiMr;  mt  Casper,  WfO.] 

Specific  gravity 0. 6B90 

Hydrogen percent..      8.89 

Marsh  gas  (methane) do 87.76 

Ethane,  propane,  butane do 7.23 

Illuminatuig  hydrocarbona do 92 

Carbon  dioxide do 21 

Carbon  monoxide Trace. 

Oxygen Trace. 

Nitrogen Trace. 

100.00 

The  above  analyaifl  was  made  with  the  improved  Hempel-Winkler  gas  analysis 

kppantus. 

1  PubllshBdbf  pvmfsslonorCoiuMi]  AHdtmanjattamfljHlnlDllfor  the  WyomfD^onA  Devdopmsit 
Co.  BDd  Douglu  on  VUA  (Ltd.). 
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The  calorific  value  of  this  natural  gas  as  comx)ared  with  coal  at  $5  per  ton  (Bock 
SpriugB,  Wyo.,  coal)  is  as  follows:  9.2  cubic  feet  of  natural  gaa  is  equal  to  1  pound  of 
coal  or  18,400  cubic  feet  of  natural  gas  is  equal  to  1  ton  (2,000  pounds)  ooal,  idiich  win 
give  this  natural  gas  a  value  of  27.2  cents  per  1,000  cubic  feet. 

OBIGIN  OF  THB  OIL. 

No  definite  data  bearing  on  the  origia  of  the  oil  in  the  Douglas 
field  are  available.  At  present  oil  appears  to  be  found  at  the  top 
of  the  Casper  formation,  m  the  ''Cloverly"  formation,  in  the  lower 
part  of  the  Benton  shale,  and  in  the  White  River  formation.  Whether 
the  oil  origiaates  from  a  single  source  or  from  several  the  writer  is 
unable  to  state,  but  be  that  as  it  may,  it  seems  certain  that  the  oil 
now  occm^  in  porous  rocks  into  which  it  has  migrated.  The  condi- 
tions in  this  field  are  good  for  the  segregation  of  oil  and  gas  into  local 
small  bodies  by  the  combination  of  hydraulic  pressure  and  capillarityi 
a  mode  of  accumulation  discussed  by  Munn.*  The  theory  of  tlds 
mode  of  accumulation  is  founded  on  the  fact  that  rocks  of  different 
densities  permit  the  passage  of  water  through  them  freely  if  the 
capillaries  are  lai^e  and  less  freely  if  they  are  small.  Water  entering 
an  oil-bearing  shale  from  every  side  will  force  the  oil  into  a  segregated 
mass  or  pool.  It  will  also  find  certain  zones  through  which  friction 
is  less  so  that  into  these  zones  the  oil  and  water  will  penetrate  faster 
than  into  others.  The  zones  of  rapid  capillary  movement  will  admit 
the  water  so  much  faster  than  those  in  which  the  rock  is  denser  that 
after  a  time  certain  bodies  of  the  rock  may  become  inclosed  by  rock 
saturated  with  water,  the  oil  having  been  driven  into  the  unsaturated 
mass.  In  the  Douglas  field  conditions  are  favorable  for  this  sort  of 
segregation  of  oil  and  gas.  The  older  rocks  dip  at  high  angles  away 
from  the  mountains  (toward  the  north)  and  their  upturned  edges, 
where  not  concealed  by  the  White  River  overlap,  form  excellent 
intakes  for  meteoric  water,  but  the  White  River  formation  overlaps 
and  conceals  those  older  beds  north  of  the  intake  area.  The  White 
River  formation  also  affords  an  excellent  reservoir  for  water  and  gen- 
erally almost  all  its  members  are  saturated.  The  water  which 
enters  the  older  beds  works  upward  underneath  the  YThite  River 
formation,  forcing  the  oil  and  gas  ahead  of  it;  when  the  oil  encounters 
a  dry  sandy  lens  in  the  White  River  it  doubtless  fills  the  lens  and 
remains  there  on  account  of  the  water-saturated  rock  above.  The 
oil  in  the  bed  of  Boxolder  Creek  exudes  from  the  bedding  planes  and 
although  the  rock  itself  is  a  porous  sandstone,  the  oil  does  not  seem  to 
have  saturated  the  rock.  At  the  time  the  oil  migrated  to  this  place 
the  sandstone  must  have  been  saturated  with  water,  thus  compelling 
the  oil  to  confine  itself  to  the  bedding  planes  and  other  larger  cracks. 

1  Mmm,  M.  J.,  Tbe  anticlinal  and  hydraulic  theories  of  oil  and  gas  accumulation:  Boon.  Qadlocy,  tqI.  4, 
pp.M»^29, 1909. 
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WBIiLS  IN  THB  DOTJGIiAS  OIL  FIBLD. 

The  data  contained  in  the  following  table  are  taken  largely  from 
Jamison's  report  ^  on  the  Douglas  oil  field,  but  the  altitudes  of  wells 
and  some  items  imder  ''Remarks"  are  derived  from  data  collected 
by  the  writer.  The  locations  of  all  wells '  marked  by  an  asterisk  (*) 
are  taken  from  Jamison's  map,  these  wells  not  having  been  visited 
by  the  writer. 

WdU  in  DougUuoU  field t  Wyoming, 
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S 
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4 
5 
6 
7 
8 
9 
10 

11 
13 

•13 
U 
U 
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•36 
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38 
39 
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41 
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45 

46 

47 
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1. 

1. 

2. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

3. 
3. 

3. 
3. 
4. 
4. 
4. 
4. 
4. 
6. 
6. 
6. 
6. 
7. 
8. 

8. 

8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
9. 


9. 
9. 


06OtiOIL* 


Wyoming  Oil  A  De- 

▼dopineiit  Co. 
.....do 


.....do 

LaPntoOaOo. 

.....do 

.....do 

do 

.....do 


Doadas  Ofl  Fields 
(LlT) 


Dooslas  Ofl   FtoldB 

do 

do 

.....do 

do 

do 

do 

.....do 

do 

do 

do 

do 

do 

Wyoming  Ofl  A  De- 

valopment  Co. 
do 


WbflD 
drillBd. 


1906 


1906 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.d3. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Douglas  Ofl  FleldB 
(LtdL). 

Wyommg  Ofl  &  De- 
velopment Go. 

.....do 


.do. 
.do. 


1004 

1004 
1004 
1005 
1006 
1002 
1904 
1007 
1006 
1006 
1006 
1906 
1006 
1006 

1005 

1004 
1906 
1906 
1906 
1906 


1006 


1907 
1907 
1906 
1907 
1906 
1906 
1902 

1007 


1907 
1906 


Depth. 


Fitt, 


1,575 

200 
542 


486 


526 

568 

526 
507 
1,706 
486 
435 
578 
624 
161 
093 
150 
110 
655 

302 

215 
825 
365 
328 
632 
393 
602 
930 
725 
510 
300 
236 
670 
374 
401 
428 
342 

780 

742 

320 
425 


Alti- 
tude of 


Fut, 
5,140 

5,140 


5,260 


5,280 
5,230 
5,210 


5,210 


5,240 
5,200 
5,210 
5,210 
5,200 
5,175 


5,380 
5,370 
5,390 
5,440 
5,360 

5,400 

5,350 
5,360 


5,320 
5,320(T) 
6,320 
5,320 
5,320 
5,800 

5,840 

5,830 

5,300 
5,290 


Remarks. 


Dry. 

Casing  ooUapeed  and  well  aban- 
doned. 
Well  unfinished. 
Gas. 

Abandoned. 
Gas. 

Do. 
Abandoned  gas  weO. 
Abandoned. 
Abandoned  gas  welL 

Abandoned. 
Gas  reported. 

Abandoned;  water. 
Small  amount  of  ofl  and  gas. 
Small  amount  of  oIL 
Small  amount  of  ofl  and  gu. 
Gas  at  457  feet;  abimdoned. 
Producing  gas  welL 
Crooked  bole. 
Small  amount  of  ofl  reported. 

Do. 

Do. 

Do. 
Well  unflnished:  abandoned. 
Small  amount  of  ofl;  abandoned. 

Small  amount  of  oil;  flowing  wa- 
ter welL 
Abandoned  ofl  welL 

Do. 
Small  amount  of  olL 
Producing  ofl  by  jmmping. 
Small  amount  of  ofl;  abandoned. 

Do. 

Do. 
Abandoned. 

Light  ofl  to  top  of  casing. 
Small  amount  of  ofl;  abandoned. 

Do. 

Do. 

Do. 

Do. 
Producing  light  ofl  by  jmmping. 
Abandoned  ofl  weU. 
Abandoned. 

Abandoned;  dry. 

Small  amount  of  ofl  and  gas; 
abandoned. 

Abandoned  ofl  weU. 

Ofl  wcdl  with  pump  |aok  at- 
tached. 


•  In  T.  82  N.,  R.  73  W.,  unless  otherwise  stated. 


iLoccit. 

*  The  writer  found  some  diffloolty  in  attempting  to  identify  some  of  the  wells  mentioned  by  Jamison, 
as  his  desortptlont  do  not  inyarlably  agree  with  the  locations  of  the  wells  on  his  map. 
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WdU  in  DougloB  oil  fiM^  l^omtri^— Ccmtinued. 


No. 


49 
50 

62 

«63 

64 

66 

«66 

67 

60 

eo 

61 
62 
68 

64 

66 

66 


0. 
0. 

0. 
0. 
0. 
0. 


0.. 
0.. 
11. 


11. 


12 

12 

Lot  in  T.  82  N., 

R.724W. 
Sec.  35,  T.  33  N., 

R.  74  W. 
Seo.29,T.88N., 

R.74W. 
Seo.81,T.88N., 

B.74W. 


Owner. 


Doudas   Oa  Fields 

(LldL). 

do 

Wyoming  OU  A  De- 

▼dopmentCo. 

.do 

.....do 

.....do 

DonglM  on  Fidds 

(LtdO. 
do 


.do. 
.do. 


Wyoming  OA  A  De- 
velopment Go. 

Dooglas  OH  Fields 
(Ud.). 

do 

....do 

Wyoming  On  A  De- 
vdopmentCo. 


W 


Gas  ft 


'ower 
.do 


When 
drffled. 


1006 

1006 
1007 

1007 
1007 


1008 

1004 

1008 
1006 
1007 

1004 

1006 
1006 


1012 


Depth. 


Altl- 
todeof 
surfooe. 


FteL 
440 

475 
767 

765 
070 
406 
466 


470 
600 
515 

408 

403 
520 
665 


600 


FtA 
5,800 

5,200 


5,260 


5,260 
5,200 


5,210 

5,220 

5,280 

6,220 
5,260 
5,816 


5,150 
5,350 


Oil  well  with  pomp  Jacd:  at- 
tached. 
Small  amoont  of  oH  reported. 
Small  amount  of  oiL 

Small  amoont  of  gu. 
Small  amount  of  oil  and  gas. 
Producing  gas  wbEL 
Small  gas  weU. 

Drilling  stxipped  by  order  of 

oourt. 
Small  gas  welL 
Water  welL 
Small  gas  weO. 

Producing  gas  wbEL 

Small  gas  weO. 
Crooked  hole. 
Small  gas  welL 

Abandoned;  no  data. 


A  little  heavy  oil  ooUects  on  the 
water,  which  rins  to  top  of 
casing. 


•  In  T.  32  N.,  R.  73  W.,  unleas  otherwise  stated. 


b  Unfinished. 


DETAILS  OF  WELLS  AND  WELL  LOGS. 
ZVTXRPBBTATIOV  OF  THB  LOOS. 

In  the  well  logs  that  follow  there  are  five  columns.  In  the  first  is 
given  the  name  of  the  geologic  formation  as  interpreted  by  the  writer; 
in  the  second  the  driller's  description  of  the  rock;  in  the  third  in- 
formation as  to  whether  gas,  oil,  or  water  was  found;  in  the  fourth 
the  thickness  of  beds;  and  in  the  fifth  the  depth  from  the  surface  of 
the  ground  to  the  base  of  each  bed. 

It  should  be  borne  in  mind  that  the  interpretation  of  well  logs  is 
difficult  at  best,  but  when  the  logs  are  complicated,  as  many  of  these 
are  by  starting  in  the  White  Elver  formation  and  then  passing  into 
some  other  formation  unconf ormably  underlying  it,  the  difficulty  is 
greatly  increased.  Another  source  of  possible  error  is  the  lithologic 
similarity  between  the  Benton  and  Pierre  formations.  When  these 
are  encountered  under  the  White  River,  the  geologist  can  determine 
which  is  which  only  by  the  assumption  that  the  strike  of  the  older 
rocks  continues  imder  the  mantle  of  White  River  in  the  same  direc- 
tion as  it  is  where  these  rocks  have  been  removed. 

The  logs  of  welb  Nos.  2,  4,  16,  17,  18,  30,  35,  41,  44,  48,  49,  60,  66, 
69,  60,  and  63  were  obtained  from  A.  W.  Phillips,  of  Douglas,  Wyo., 
and  the  remainder  are  taken  from  the  report  of  C.  E.  Jamison  (State 
geologist  of  Wyoming)  on  the  Douglas  oilfield,  published  in  1912. 
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WZLL  V0«  I. 

Well  No.  2  is  located  on  the  south  bank  of  La  Prele  Creek  in  sec.  1, 
T.  32  N.,  R.  73  W.  It  is  1,575  feet  deep,  the  first  500  feet  of  which 
seem  to  be  in  the  White  River  formation,  and  the  remaining  1,000 
feet  are  quite  certainly  in  the  lower  shale  of  the  Pierre  formation. 
The  well  is  abandoned  but  is  marked  by  the  casii^  projecting  a  few 
feet  above  the  surface  of  the  ground.    The  log  follows: 

Log  ofwdl  No,  f ,  mc.  1,  T,  St  N.,  R.  73  W. 
[Altitode  of  nvflMe,  6,140  fa«t.] 


Probable  forma- 
tkn. 

Drflkr's  deocrhH 
tfonoftberodk. 

Content. 

Thlok- 

D^th. 

ghalt 

Water  at  40  feet 

Aif. 
413 

1- 

41S 

White  Rivflr  fMma- 

Snd 

"Showtac"  of  gas  and  oU  at  4U  feet,  water  at 
AaSfeetT 

tlOIl. 

(f) 

540 

\*/******"»***"'*** 

PIfm  fomatlDii. 

Black  shale 

'<Show1iur"ofoflatlJ(7Sfeet 

1,08S 

1,671 

WZLL  VO.  4. 

Well  No.  4  is  in  the  SW.  i  sec.  2,  T.  32  N.,  R.  73  W.,  and  is  cased 
and  capped.  A  good  flow  of  gas  is  reported  from  a  sand  at  542  feet 
below  the  surface,  which  was  used  for  a  time  at  a  driller's  camp  about 
Half  a  mile  away. 

Log  of  well  No.  4,  SW,  i  sec,  f ,  T,  St  N,,  R.  73  W. 
[Altitude  of  sorfboe,  6,260  feet.] 


Probable  forma- 
tion. 

Drfller's  description  of  the  rock. 

Content. 

Thlok- 

nees* 

Dq^tfa. 

Fed, 
468 

87 

17 

FhL 
468 

^<Kl»t»ftle 

606 

White  Rirer  ftu- 

f^and. 

608 

B^Klffhalfl 

618 

Sand 

618 

Tifldffhalfl 

Gas  at  616  feet. 

686 

Sand 

Strong  flow  of  gas  at  688  feet. . 

648 

WZLL  VO. 

14. 

Well  No.  14  is  about  700  feet  northeast  of  well  No.  16.  It  is 
cased  and  capped,  but  apparently  only  a  small  amount  of  oil  or  gas 
was  obtained  in  it.  The  lower  10  feet  of  the  well  undoubtedly  is  in 
the  Pierre  formation,  the  White  River  formation  being  516  feet  thick* 
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Log  of  well  No,  U,  8W.  i  8W,  \  sec,  S,  T,  St  N,,  R,  7S  W. 

[Altitode  of  rarftMO,  fi»aOO  feet.] 


Probable  formic 
tion. 

DriUer's  desoription  of  the  rook. 

Content. 

Thld^. 

Depth. 

440 

.11 

6 

19 

40 

FeeL 
440 

White  RtTer  fDr- 

Fed  flhale 

451 

Coarm  sa&d 

Oas 

457 

R<kI  ffhale ..  x  x ....  x .............  x 

476 

Qreen  and  white  sand. 

Qasandofl 

518 

10 

538 

WELL  VO.  16. 

Well  No.  16  is  one  of  two  deep  wells  in  the  Brenning  Basin.  The 
writer  believes  that  it  penetrates  the  Pierre  formation  to  a  depth  of 
1,000  feet.  In  the  sand  at  the  base  of  the  White  River  formation 
small  amomits  of  gas  and  oil  are  reported,  but  none  below  that  level. 

Log  of  well  No.  16,  8E,  \  8E,  \  sec.  4,  T,  S2  N,  R,  73  W, 

[Altitade  of  sorfaoe,  5,210  feet.] 


Probable  forma- 
tion. 


Driller's  description  of  the  rock. 


Content. 


Thick- 


Depth. 


White  River  foiv 
mation. 


White,  erayish  shale  fbrmatkm. , 

Bedrock 

Ck>arse  and  loose  sand 

Coarse  sand 

T 


Surface  water. 


57 


Feet. 
5 


boarae 


sand 

Finer  sand 

Harder  and  finer  sand , 


Oas 

First  ''showing"  of  oU. 
Good  "showing"  of  ofl. 

Ofl .77. 

....do 

....do 


5S 

11 
S 

1 
10 

s 

8 
90 


473 
484 
4S7 


501 
504 
534 


Plspo  formatltMi. 


Black  shale,  with  small  streaks  of 

sand, 
streaks  of  sand  and  black  shale 


Water  at  815, 1,490,  and  1,448 
feet. 


1,490 
1,706 


WELL  VO,  17. 

Well  No.  17  is  about  800  feet  west  of  No.  16.  It  is  cased  and  is 
plugged  with  wood.  It  probably  does  not  extend  more  than  a  few 
feet,  if  at  all,  below  the  White  River  f ormation,  as  it  is  less  than  500 
feet  deep.  In  well  No.  16  the  base  of  the  White  River  was  probably 
reached  at  524  feet. 
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Log  of  well  No,  17,  SW.  }  SE,  {  sec.  4,  T,  St  N.,  R,  73  W, 

[AltttndB  of  lortMe,  6»aoo  feet] 


PiobablB  Ibniuip 
tion. 


White  Bhrerfor- 


Drflkrtdemipttonoftheroek. 


Blue  and  nay  fonnations. 

Orayaand. 

Blue  and  gny  abale 

Pink  shale 

Bine  rotten  abale , 

Oiayaoftaaiid 

Ooane  and  peWj  aand.. . 
Haid  white  aand 


grayaand. 


Content. 


Water  at  13  and  88 

iBet. 


Fair  flow  of  water. 


"Showing"  of  gas. 


Oa  with  water... 


Thksk- 


88 


4 

84 

87 

7 

1 

2 

8 

14 

8 

8 


Depth. 


FuL 


872 
876 
410 
447 
464 
486 
467 
400 
474 
477 
486 


WXXX  VO.  18. 

Gas  from  well  No.  18  is  used  in  the  nearest  house,  about  2,000 
feet  away,  for  fuel  and  li^t.  The  source  of  the  gas,  as  in  the  other 
wellsy  appears  to  be  the  sandstones  or  bands  of  conglomerate  in  the 
White  River  formation. 

Log  o/wdl  No.  18,  NW,  \SE.  }  sec.  4y  T,  St  N,  R.  73  W. 

[Altitode  of  sorlMe,  6,176  feet.] 


Probable  forma* 
tion. 


White  River  for- 
mation. 


DrUler's  description  of  the  rock. 


SnrffMse  formation. . , 

Soft  green  shale 

Pink  shale 

Soft  blue-gray  shale . 

Soft  gray  sand , 

Soft  pink  shale 

Hard  miied  sand .. . 


Content. 


Waterat28fBet. 


II 


Showing"  of  gas. 


Large  flow  of  gas  and 
oa. 


some 


Thick- 


Fed. 

845 

46 

87 

1 

2 

8 

2 


Depth. 


Feet, 
846 
890 
427 
428 
480 
488 
486 


WELL  NO.  18. 


Well  No.  19  almost  certainly  reaches  the  Pierre  formation  at  a 
depth  of  525  feet.  Above  this  depth  the  formation  is  believed  to  be 
White  River.    The  well  was  not  visited  by  the  writer. 

Log  of  well  No,  19,  8E.  J  NW.  J  sec.  4y  T.  St  N.,  R.  7S  W, 


Probable  forma- 
tfon. 


White  River 
formation. 


Pierre  formatfon. 


Driller's  descriptfon  of  the  rock. 


Surface  loam  and  shale. 

Gray  and  bluish  shales. 

Redshale 

Sand 


Qreen-brown  shale 

Brown  sand 

Coarse  gravel  and  sand. 


Content. 


At  106  feet  sand  streak  and 
wat€ir. 


BkMsk  shale. 
Gray  shale., 


Thick- 
ness. 


Feet. 
106 

296 

70 

20 

5 

5 

26 


12 
41 


Depth. 


Feet, 
106 

400 
470 
490 
495 
500 
525 


537 
678 
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WELL  NO.  83. 

It  is  probable  that  well  No.  22  penetrates  the  "Qoverly"  formar 
tion,  as  the  182  feet  of  isandstone  mentioned  in  the  record  resembles 
that  formation.  The  rocks  dip  41^-55^  E.,  so  that  182  feet  vertical 
depth  would  penetrate  only  about  60  feet  of  strata. 

Log  of  well  No,  it,  NW.  }  8W,  }  «ec.  6,  T,  St  K,  R.  73  W. 

[Altitade  of  sur&oe,  6,870  feet.] 


Probable  fomi*- 
Uon. 

Driller's  description  of  the  rock. 

Contnnt. 

ThfRk- 

Depth. 

CoersegrayeL 

Ftei. 

n 

8 
35 
43 

0 
14 
13 

FeeL 

u 

flravel  and  day 

.............................. 

19 

WhttoRhrer 

Bandy  clay. . . .'. 

64 

Red  and  llsht-blne  sandy  day 

98 

Gray  sandy  day 

106 

119 

Reddish  clay 

181 

Hard  black  shale 

• 

49 

11 

37 

8 

4 
93 

180 

311 

^r%         A           _^  .  1 . 

sn 

Benton  duue. 

Black  saidy  shale. 

Oil  "showing" 

918 

Band  rock. ' 

380 

Black  s>>alf^ 

Oil  "showing" 

813 

" 

Band  rock 

Oil  "showing" 

183 

10 

18 

8 

6 

S 

S 

85 

S7 

6M 

Dark-blue  shale 

684 

Blae  shale  with  streaks  of  sand. 

653 

"Olorerly^and 

Blue  sandy  shale. 

600 

IffoiTinn  fornN^ 

Blue  shale  with  streaks  of  sand  rock. 
Black  shale 

686 

tiont. 

688 

Soft  sand X ... . 

671 

868 

Bladr  sandy  shale , 

608 

WELL  NO.  38. 

It  seems  certain  that  in  well  No.  26  the  **Cloverly"  formation  was 
reached  at  a  depth  of  282  feet,  although  Jamison  ^  states  that  in  part 
his  Dakota  was  entered  at  48  feet.  To  depth  of  282  feet  there  is  too 
much  shale  to  justify  referring,  the  beds  to  the  **Cloverly "  formation. 
The  two  oil  sands  mentioned  in  the  log  are  probably  sandstone  lentils 
in  the  lower  part  of  the  Benton.  The  well  yields  a  small  stream  of 
flowing  water  which  is  used  for  stock. 

>  Jamison,  C.  E.,  The  Douglas  oO  field  and  the  Muddy  Creek  oil  field,  Wyoming:  Wyoming  QeoL  Survey 
BiiU.8»Mr.B,p.37,1913. 
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Log  o/weU  No,  t6,  8W.  i  sec.  8,  T.  St  N.,  R.  7S  W, 
[Attttnde  of  siirteoe,  6^400  fMt.] 


Probable  fomui* 


White  RlT«r  for- 


Bcnton  ihale. 


"Cloverly" 
fonnatloii. 


DrfUar'g  desoriptkiii  of  the  rock. 


Wash  and  brown  gumbo. 


Oil 

Brown  dude 

Oil  sand 

Shale 

Blaekgombo 

Brown  shale 

Blaekgombo 

Coarse  rock 

Lead-colored  gumbo. 
Wash. 


Whttegumbo. 
Dark  shale.... 


Wind  cap  rock 

White  water  sand. 


Cootant. 


Dark  hibrtoating  oil. 


Water  at  80  feet. 


Water  at  254  feet. 


} 


Water  at  2M  feet. 


Thfck- 


48 


90 

90 

SI 

110 

10 

10 


{ 


2 

18 


Depth. 


Fmt. 


48 


50 
70 
77 
07 
198 


945 


979 
978 


984 


WXXX  VO.  88. 

As  stated  by  Jamison,  well  No.  28  does  not  penetrate  the  ^'Qo- 
verly"  formation  (in  part  his  Dakota).  This  formation  ia  probably 
from  400  to  600  feet  below  the  bottom  of  the  well.  The  1-foot  sand- 
stone band  at  the  bottom  of  the  well  is  probably  a  sandstone  lentil 
in  the  Benton  shale. 

Log  of  well  No.  28,  8W.  J  SE.  i  sec.  8,  T.  St  N,  R.  7S  W. 

[Altitode  of  snrllsoe,  5,380  feet] 


Probable  formation. 

Driller's  description  of  the  rock. 

Thfck- 

Depth 

Orsyel  end  sand .^...... 

Feet. 

65 

83 

88 

10 

40 

40 

40 

5 

5 

8 

18 

1 

Feet. 
65 

Green  shale 

U7 

Gray  shale x .....  .  x .  x . 

165 

Green  oil  sand . .    . 

175 

Li^t-gray  shale  with  a  pink  tint 

215 

White  River  Imnation  and 

Brownclay ' 

866 

Benton  shale. 

Black  shale 

285 

Black  sand , 

800 

Gray  shale  apd  sand 

306 

Park-fray  shale  and  sand 

811 

Dark  clay 

824 

825 

WXXX  VO.  88. 


Well  No.  29  was  not  visited  by  the  writer,  hence  its  location  is 
taken  from  the  map  accompanying  Jamison's  report.  The  well  is 
near  the  outcrop  of  the  *'Cloverly  "  formation  and  probably  penetrates 
that  formation  to  a  depth  of  60  feet. 


1 


80 
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Lag  of  well  No.  f9,  8E.  }  «ec.  8,  T,  St  N.,  R,  73  W, 


Probable  forma- 
tion. 


White  Rhrer  for- 
mation and  Ben- 
ton shale. 


''Cloiwlj''  fonna- 
Don. 


Driller's  descr^tion  of  the  rock. 


Content. 


Wash 

Gray  shale 

Bhte  and  gray  shide. . . 
Brown  sugary  oil  sand . 


Yellow  shale. 


Greenish  sand. 

Gray  shale 

Brown  gumbo. 
Brown  shale.. 


Wkter  at  65  fset 

Good  oil ''showing" 

Gasandofl;  gasbnmedoyer 

the  hole. 
Good  oU  "showing"  with 

some  gas. 


Purple  and  lUac  gumbo. 


Sandstone. 


"Showing"  of  oil  and  some 
gas. 


Thick- 


F9tL 

as 

80 

58 

2 

80 

5 

15 

5 

135 


00 


Depth. 


FeeL 


108 
110 

140 

145 
160 
105 


WELL  NO.  SO. 


Well  No.  30  has  a  pump  attached,  which  in  the  fall  of  1912  was 
rigged  up  with  a  long  gas-pipe  handle  for  pumping  by  hand.  By  this 
means  a  near-by  ranch  procured  oil  for  use  in  a  heating  stove  which 
had  been  arranged  for  burning  this  kind  of  fuel.  Mr.  A.  W.  Phillips 
states  that  the  oil  from  this  well  was  pumped  steadily  by  steam  power 
for  a  long  time  for  use  as  fuel  by  the  contractors  who  built  the  La 
Prele  dam,  and  that  it  produced  over  40  barrels  a  day.  This  well 
yields  a  light  oil  having  a  paraffin  base;  its  composition  is  given  in 
the  table  (p.  25,  No.  30). 

Log  of  well  No.  SO,  8W.  \  SE.  \  sec.  8,  T.  St  N.,  R,  7S  W, 

[Altitude  of  sorfBoe,  5^40  feet.] 


Probable  forma- 
tion. 


White   River  for- 
mation. 


Benton  shale. 


Driller's  description  of  the  rock. 


Clay , 

Bhierock.. 

(lay 

Qreen  shale. 


Content. 


Water. 


Black  shale 

Black  shale  and  paraffin ■  0ilat835feet. 


Thiok- 


50 

80 

106 

70 


46 


Depth. 


Fmt. 


WZUi  NO.  S3. 


Well  No.  33  does  not  penetrate  the  **Cloverly"  formation.  If  the 
dip  observed  along  the  outcrop  is  continuous  to  the  point  where  the 
well  is  located,  the  **Cloverly"  would  be  about  1,000  feet  below  the 
surface,  or  about  400  feet  bdow  the  bottom  of  the  well.  This  state- 
ment is  based  on  the  assumption  that  the  fault  in  sec.  9  does  not 
extend  as  far  west  as  this  well.  If,  however,  the  fault  is  present  in 
sec.  8  and  the  downthrow  is  on  the  north,  as  it  appears  to  be  farther 
east,  then  the  '*Cloverly"  is  deeper  than  is  stated  above. 
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Log  ofweU  No,  33,  NW,  ^SE.  J  »ec.  8,  T.  3t  N.y  R,  73  W, 

[Altitoda  of  matKt,  S^KD  (T)  b«t.] 
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Pirobabto  fonnsr 
tion. 

DrUter^  deBor4>ttan  of  ttae  rock. 

Content. 

Thick- 
ness. 

Depth. 

FeeL 
74 
50 
flO 
86 
50 
26 
50 

10 
7 

42 

10 

8 

177 
1 
1 

Fen. 

74 

Brown  shalo.  ...^..', 

Water  at  74  feet 

124 

GnyiihalA 

184 

Brown  and  gray  ahale 

220 

Blnoaiid  brown  ahale 

Water  at  220  fset 

270 

Brown  dope:  very  slow  drilling 

206 

Gray  roek',  shell  mixed  with  yellow 
shale,  and  a  Uttle  sand:  tamed 
into  a  brown  dope  which  stands 
opwelL 

Benton  shale;  cayes  badly 

846 

White  RlTV  fcvr- 
tontha]*. 

356 

868 

Benton  shale. 

406 

Gray  shale. 

Very  good  oil  "showing".... 
OU.... .77! 

416 

Gray  shale.  bliMdc  dope,  and  a  littie 

Benton  shale. 
Benton  shale. .  ^  x 

428 

600 

Artesian  water  sand 

601 

A  Dinch  of  Dakota  oil  sand 

Water  at  601  feet 

602 

WXXX  VO.  84. 

Well  No.  34,  which  has  been  left  with  the  casing  open,  stands  full 
of  water.  Apparently  there  is  a  small  flow  of  water  from  the  well. 
It  is  probable  that  bentonite  or  some  similar  clay  is  meant  by  the 
driller's  term  "paraflSn"  in  the  well  log. 

Log  ofweU  No,  34- 
[Altitude  of  stir&oe,  5,290  (T)  feet.] 


Probable  forma- 
tion. 

Drillsr's  description  of  the  rock. 

Content. 

Thick, 
ness. 

Depth. 

Light  day 

Feet. 
10 
5 
45 
60 
33 
142 
15 
35 

Feet, 
10 

Granite,  r . 

15 

MirhtdhAlA...    

60 

White   Rirer  for- 

nf.  ....:.;:.;;:...::::::;;:;; 

120 

mation. 

Light  day 

Water  at  60  feet 

153 

Clay  and  Dlue  shale 

296 

Red  rock 

310 

YeDowrock 

346 

nii^>V  (|hftl4^    ,    . 

Water  at  665  feet 

330 

27 

3 

0 

6 

11 

141 

19 

9 

10 

15 

5 

675 

Black  sand 

Water  at  676  feet 

702 

Black  shale  and  naraffln 

706 

Black  shale 

714 

Black  sand 

720 

Benton  shale. 

Black  shale  and  paraffin 

731 

Gray  shale  and  pvaffln 

872 

Soft'gray  sand ..'... 

891 

Black  and  gray  shaJe 

900 

Gray  shale.. 

910 

Black  shale  aikl  iron 

925 

Pan^ffln 

Water  at  930  feet 

930 

WELL  NO.  86. 

Light  oil  fills  the  casing  in  well  No.  35  to  the  level  of  the  surface 
of  the  gromid.  The  well  also  yields  some  water  which  flows  up 
around  the  inner  casing. 

366*— Bull.  641—3 
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Log  of  well  No,  S5,  NE.  }  8E,  }  ««j.  8,  T,  St  K,  R.  7S  Wfi 

[Altitude  of  sorfiuse,  5,300  (T)  feet] 


Probable  formft- 
tkm. 

Drillflr's  description  of  the  rock. 

Oonlnit. 

Tbk^- 

Depth. 

Water  formation 

10 
70 
40 
70 
22 
50 
13 
10 
25 
22 
188 

.FImT. 
10 

Brown  lime  formation. 

Water  at  36  feet 

80 

Qray  shale 

120 

Blueshide 

190 

White  River  \xx- 

Blae  gumbo 

212 

Brown  and  green  gumbo 

Water  at  217  feet 

262 

Oysti^l  formi^tlon 

275 

Blue  gumbo 

285 

Pink  and  brown  formation 

810 

UlTMl^hAlM      

332 

8MK.... 

520 

• 

Water  sand 

Water  flowed  over  top  of 

hole. 
Stronx  flowof  KBS 

8 

1 

13 
104 

5 
74 

528 

Hard  shell  rock 

520 

Blficksand..  ^                a. 

542 

Benton  shale. 

Shale 

Water  at  550  feet 

646 

P«MP1i<nn 

651 

(T) 

Water  cased  off  at  607  feet; 
Struck  oil  at  718  feet. 

725 

•  This  well  log  is  identical  with  Jamison's  No.  13,  so  far  as  it  goes,  but  his  loe  shows  a  maximum  depth  of 
810  feet,  whereas  the  log  given  above,  which  was  procured  from  A.  W.  Philfips,  states  that  the  diqpth  of 
this  well  is  725  feet. 

WSLL  NO.  41. 

Well  No.  41  is  about  1,000  feet  south  of  No.  35  and  contains  oil  of 
a  similar  character.  It  has  tubing  and  jack  attached  for  pumping. 
The  oil  comes  from  a  sandstone  in  the  bottom  of  the  well;  apparently 
in  the  Benton  shale. 

Log  of  well  No.  41,  SE,  }  sec.  8,  T.  S£  N.,  R.  7S  W. 
[Altitude  of  surface,  5,320  feet.] 


Probable  forma- 
tion. 


White  Piver  for- 
mation. 


Benton  shale. 


Driller's  descr^tion  of  the  rock. 


Surface  formation . 

Qray  shale 

Oumbo 

Qray  shale 

Brown  gumbo.... 

Blue  shale 

Oray  shale 

Light  shale 

Sand 

Oumbo , 

Yellow  shale 


Black  shale. 
(T) 


Content. 


Water  at  85  feet. 


Water  at  145  feet. 


Oas  at  312  feet. 
OU  at  399  feet. 


Thick- 


Depth. 


Fleet, 

Feet, 

10 

10 

80 

90 

50 

140 

10 

150 

15 

165 

10 

175 

15 

190 

50 

240 

5 

245 

21 

266 

29 

205 

104 

890 

2 

401 

WSLL  NO.  44. 


Well  No.  44  was  drilled  near  the  outcrop  of  the  oil-saturated  sanct- 
stone  which  was  uncovered  in  digging  the  tunnel  for  an  irrigation 
ditch,  but  only  a  small  amount  of  oil  was  found.  The  casing  was 
pulled  and  the  well  abandoned. 


DOUGLAS  OIL  AND  GAS  FXELD,  WTO. 

Log  ofweil  No,  44,  SW,  }  see.  9,  T,  St  N.,  R.  7S  W. 
[Altltada  of  sorlMa,  5,800  feet.] 
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ProbsiblB  fonnsr 
tkm. 

Drfflflr'8  deBor4>tkn  of  ttae  rock. 

Content. 

Thiok^ 

Depth. 

WbitB  IUtw  fof^ 

FM. 

118 

22 

20 

FtH, 
118 

mfttton. 

RHBhah^ 

140 

T^ffhtffhulA 

160 

'"fc"* "  '■■ '  •  "■■••••••••••••••••••••• 

Black  Ahalff . . 

40 
20 

200 

Benton  ilMle. 

Tirht  ii»»f*» 

230 

■  "V  "  '""  •••••••.•.•••«.••........ 

Sand 

Good  "showing"  of  oU 

Oil .77. 

P 

10 

18 

4 

26 
15 
12 

280 

do 

White,  flnft  mnd 

235 

.J.^™!™::::::.:::..:::::::: 

Water 

241 

Oovw.  crey  Hand 

346 

8oft.  UffBt  inv  mnd 

2S2 

taorvriy"  tema- 

TJ^tuif)  n^whih 

267 

tion. 

Darkflr  shdfl. 

367 

Black  shalf^ ,,., 

285 

Sandy  with  ooana  pebbiM 

280 

Fine  white  mnd . .'. x 

S15 

White  mnd.  ooana.  ioft 

830 

BlMtoi  black'. ... ..'.  I..V............. 

843 

WXLL  VO.  17. 

Well  No.  47y  like  most  of  the  other  wells  in  sec.  9,  was  drilled 
near  the  outcrop  of  the  oil-satnrated  sandstone  and  found  only  a 
small  amount  of  oil.    The  casing  was  pulled  and  the  well  abandoned. 

Log  ofweU  No.  47,  8E.  \  sec,  P,  T.  St  N,  R,  7S  W, 
[Altitode  of  mrb^otf  5,300  feet] 


Probable  forma- 
tion. 

Drffler's  description  of  the  rock. 

Content 

Thick- 
ness. 

Depth. 

Made  land  and  sedimentary  forma- 
tion. 
Red  rook 

Fiet. 
118 

22 

20 

40 

20 

10 

11 

4 

7 

5 

10 

18 

4 

16 

15 

FeeL 
118 

• 

140 

Ught  shale 

160 

Black  fftifil^ 

200 

TJffh^shalff 

220 

Sand 

"Showing"  of  oU 

do.Tr. 

230 

WbitA  Rivar  for« 

Fine  white  sand 

241 

mation. 

Gray  soft  sand ....  x  x  x  x ...  x ... . x 

Water 

245 

Llf^t-crav  soft  sand 

252 

TJght  and  red  shales 

257 

Darker  shale 

267 

Black  shale 

285 

Band,  with  ooarae  pebUes 

................^. ............ 

280 

Fine  white  sand 

Water 

305 

Coane  white  sand 

820 

WXXX  VO.  M. 


Well  No.  48  has  tubing  and  pumping  jack  attached.  Heavy  oil 
like  that  from  well  No.  49  has  been  pumped  from  it.  This  well  is 
about  200  feet  south  of  No.  49  and  its  log  is  almost  identical. 
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Log  of  well  No,  48,  SW.  }  sec.  9,  T.  St  N.,  R.  73  W. 
[Altitude  of  sorfBoe,  5^  feci.) 
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Heavy  oil. 
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10 

76 
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8» 

17 
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35 
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6 

870 

60 
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6 
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WELL  NO.  40. 

Well  No.  49  has  a  pump  with  a  gasoline  engine  attached.  The  oil 
is  heavy  and  is  the  one  from  which  sample  No.  2  was  collected.  (See 
analysis,  p.  71 .)  When  drilling  stopped  the  oil  rose  within  20  feet  of 
the  surface. 

Log  of  well  No,  49,  SW.  {  sec.  9,  T,  St  N,  R.  7S  W. 
[Altitude  of  surface,  6,300  feet] 


Probable  forma- 
tion. 


White   River   for- 
mation. 


Benton  shale. 


Driller's  description  of  the  rock. 


Clay 

Green  shale 

Red  rock  and  green  shale. 

Yellow  rook 

Gas  sand 


Yellow  rock 

Black  shale 

Black  shale  and  paraffin. 
Oil  sand 


Content. 


Water  at  60  feet. 


Good  supply  of  heavy  oil. 


Thick- 


Depth. 


Fed, 

FeeL 

60 

60 

207 

827 

8 

835 

6 

840 

6 

846 

6 

850 

45 

896 

40 

485 

5 

440 

WELL  KO.  60. 


Well  No.  50,  like  Nos.  49,  48,  44,  and  47,  is  near  the  outcrop  of  the 
oil-saturated  sandstone.    The  well  is  cased  and  capped. 

Log  of  well  No.  60,  NW.  J  8E.  J  sec.  9,  T.  St  N,  R.  7S  W. 

[Altitude  of  surface,  5,290  feet.] 


t^bable  forma- 
tion. 


White   River   for- 
mation. 


Benton  shale. 


DrUler'^s  description  of  the  rock. 


Clay 

Green  shale  and  clay 

Red  rock 

Gas  sand 

YeUow  rock  and  light  shale . 


Content. 


Water. 


Black  shale 

Black  shale  and  paraffin , 

Oil  sand 

Gray  shale 

Black  shale 
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FMt, 
66 


8 
8 

29 
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45 

5 
18 

7 


Depth. 


55 

818 


405 
450 
466 

468 
476 
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WELL  VO.  M. 

Well  No.  54  produces  gas  that  has  been  piped  to  the  nearest  ranch. 
It  is  asserted  by  the  ranchmen  that  there  is  sufficient  to  supply  the 
ranch  if  the  well  were  kept  cleaned  out,  but  at  the  time  of  the  writer's 
visit  the  flow  had  nearly  stopped. 

Log  o/wtU  No.  54,  8W.  \  NE,  \  see.  9,  T.  St  N.,  R.  73  W. 

[Altttud*  of  florfMe,  5;280  ML] 


Probable  fonoft- 
tlan. 


White  River  for- 
mation. 


DrUtar^  doeuiiption  of  ttae  rools. 


Dark-fray  shale 

Lifiht-freen  shale 

Bfiie  shale 

Light-brown  shale 

L^t-blue  shale 

Brown  and  slate-oolored  shale. 

Light-brown  shale 

Slate^olored  shale 

Gas  sand 


Content. 


Water  at  56  feet. 


Gas. 


Thick- 


Depth. 


Feet. 

Feet. 

66 

66 

76 

130 

80 

160 

ao 

100 

60 

260 

87 

837 

88 

870 

86 

406 

1 

406 

WXLL  VO.  66. 

WeU  No.  55  is  said  to  contain  sufficient  gas  for  ranch  use,  but  it  is 
not  being  utilized  at  the  present  time.  The  well  was  drilled  in  1002| 
and  since  that  time  it  has  remained  cased  and  capped. 

Log  ofweU  No.  55,  NW.  }  NE.  \  sec.  9,  T.  Si  N.,  R.  7S  W. 

[Altitude  of  surfoce,  6,200  feet.] 


Probable  forma- 
tion. 


White  River  for- 
mation. 


Driller's  description  of  the  rock. 


Bhie.  green,  and  light-oolored  shale . 

Sandy 

Oieen  and  light-blue  shale 

Red  shale 

Green  shale 

Sand,  with  green  shale  mixed 

Soft  gray  sand 

Shale  and  sand  mixed 

Fine  white  sand 

fi^md 


Content. 


Water  at  8. 48,  and  876  feet . 
Water  and  gas 


Oas. 


Strong  flow  of  gas. 


Thick- 
ness. 


Feet. 

376 

6 

32 

30 

3 

1 

2 

3 

3 

3 


Depth. 


Fett. 
376 
380 
412 
461 
464 
466 
467 
460 
463 
466 


WELL  KO.  67. 


Well  No.  57,  according  to  Jamison's  report,  had  so  strong  a  gas 
pressure  when  the  drill  reached  the  depth  of  468  feet  that  it  threw 
sand  and  pebbles  70  feet  into  the  air.  The  well  is  now  cased  and 
capped,  but  the  gas  is  not  being  used. 
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Log  of  well  No.  57,  NE.  J  NE.  Jmc.  P,  T.  S2  N,,  R.  73  W. 

{Altitude  of  suiteoe,  6^0  fett.] 
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(T)..,... V,.., 
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WXXX  VO.  if. 

Well  No.  59  is  one  of  three  gas  wells  just  northwest  of  Table 
Mountain.  It  is  515  feet  deep  and  is  probably  entirely  in  the  YHiite 
River  formation. 

Log  of  well  No.  59,  NE.  }  sec.  11,  T.  St  N.,  R.  73  W. 
[Altitude  of  surfeoe,  5,220  feet.] 


Probable  fonna- 
tion. 


Driller's  description  of  the  rock. 
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Thfck- 


Depth. 


White  River  for- 
mation. 


Brown  soapstone. 

Blue  soapstone 

Gray  shale 

Green  shale 

Gray  shale 

Sandy  green  shale. 

Blue  shale 

Gray,  mixed  with  bhie  shale. . . . 

Gray  shale 

Brown,  mixed  with  blueshale. . . 

Gray  shale 

Brown  shale 

Gray  shale 
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Red  shale 
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Grav  shale  and  paraffin  mixed. 

Reashale 
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Water  and  ofl. 
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278 
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830 
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8 
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WELL  KG.  60. 


Well  No.  60,  like  Nos.  59  and  61,  is  on  the  west  flank  of  Table 
Mountain  and  is  a  producing  gas  well.  Gas  is  piped,^  as  indicated  on 
the  map,  to  two  ranches  in  the  Brenning  Basin,  where  it  is  used  for 
domestic  purposes.  The  gas  pressure  is  reported  by  Jamison  to  be 
145  pounds  to  the  square  inch. 


^In  1918,  after  this  paper  wae  written,  the  pipe  waa  taken  up. 


DOUGLAS   OIL  AND   GAS   FTBLD,   WYO. 


87 


Log  of  well  No,  60,  NE,  }  wc.  11,  T,  St  N.,  R.  73  W. 
[  Altttade  of  suiteoe,  5,230  feet.] 
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The  casing  of  well  No.  61  is  still  in  the  well  and  is  capped, 
reported. 

Log  qfwdl  No,  61,  NW.  }  NW.  \  sec.  It,  T.  St  N,,  R,  7S  W. 

[Altitude  of  eurftee,  6,220  feet] 


Gas  is 
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White  Riyer   for- 
mation. 
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WELL  KG.  63. 

Well  No.  63  is  on  the  northeast  side  of  Table  Mountain,  in  R.  72J, 
very  near  the  west  quarter  comer  of  sec.  7,  T.  32  N.,  R.  72  W.,  and 
is  cased  and  capped.  The  well  record  indicates  that  water,  oil,  and 
gas  were  found,  but  apparently  only  a  small  amount  of  oil.  Gas  is 
reported  to  have  been  obtained  from  the  bottom  of  the  well. 

Log  ofwdl  No,  63,  lot  in  sec.  It,  T,  St  N.,  R.  7t\  W. 
[Altitude  of  surface,  5,316  feet] 
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FRODTJCnON. 

The  present  production  of  oil  in  the  Douglas  field  is  small,  bul 
the  demand  were  sufficient  the  field  could  probaUy  produce  from  i 
wells  now  open  a  hundred  barrels  a  day  for  a  short  time.  The  jj 
supply  is  small,  only  three  ranches  using  it  in  1912.  It  866 
probable,  however,  that  the  output  could  be  increased  so  as  to  si^ 
other  ranches  with  light  and  heat,  but  the  amount  available  w<M 
never  be  lai^  imless  new  wells  with  greater  flows  of  gas  were  foifl 

FXJTTJBS  DBVELOPMEMT. 

Although  no  one  can  say  definitely  that  oil  will  or  will  not  be  foi 
in  a  given  area  in  advance  of  drilling,  yet  the  writer  is  inclined  to  t 
opinion  that  future  drilling  in  this  field  will  find  no  great  quantii|| 
oil.  It  is  said  that  drilling  in  1913  is  contemplated  in  the  ii8|| 
north  of  Douglas.  Here  the  highest  known  oil  sand  in  this  paif 
the  State — the  Shannon  sandstone  lentil— if  present,  should  be  refla) 
at  a  depth  of  4,000  to  5,000  feet.  Drilling  is  also  contemplated 
the  Labonte  district,  south  of  Douglas,  but  the  writer  is  nnfiimjl 
with  this  region. 

The  dips  of  the  rocks  near  Glenrock  suggest  a  favorable  struofe 
for  the  accumulation  of  oil,  but  this  area  has  not  been  sufficiOB 
studied  to  justify  more  than  a  mere  mention  at  this  time.  The  loi 
at  Glenrock  dip  toward  the  north,  about  2^  miles 'southeast  they  < 
toward  the  east,  and  about  3^  miles  south  of  Glenrock  they  dip  nei 
south.  These  attitudes  suggest  a  pitching  anticline  with  an  east-w 
axis  about  1^  miles  south  of  the  town  of  Glenrock,  but  to  reach  1 
Shannon  sandstone  lentil  here,  if  present,  a  thickness  of  about  2,1 
feet  of  strata  would  have  to  be  penetrated. 
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THE  SHOSHONE  RIVER  SECTION,  WYOMING. 


By  D.  F.  Hbwbtt. 


INTRODUCTION. 

Shoshone  River  rises  among  the  ridges  of  the  Absaroka  Range  in 
northwestern  Wyoming  and,  except  for  a  local  diversion  around 
McCulloch  Peaky  flows  in  a  course  approximately  N.  60^  E.  to  a 
point  near  the  Montana  line,  where  it  empties  into  Bighorn  River. 
(See  fig.  2,  p.  49.)  Its  course  is  approximately  normal  to  the  axis  of 
the  Bighorn  Basin.  On  the  west  side  of  the  basin  the  front  of  the 
Absaroka  Mountains  coincides  approximately  with  the  eastern  limit 
of  lava  flows  which  overlie  the  pre-Eocene  sedimentary  rocks,  but  in 
the  border  belts  on  the  east  and  west  the  river  ctits  through  broad 
anticlinal  folds,  along  the  flanks  of  which  the  stratigraphic  section  is 
exposed  in  great  detail.  Thus  on  the  west,  along  the  east  limb  of  the 
Rattlesnake-Cedar 'Moimtain  anticline,  a  complete  section  from  the 
base  of  the  Cambrian  to  the  Eocene  is  visible,  and  though  on  the 
east,  where  Shoshone  River  cuts  through  the  north  end  of  Little 
Sheep  Mountain,  only  the  Cretaceous  and  Eocene  formations  are 
shown  along  the  river,  the  complete  Mesozoic  section  is  brought  to 
the  surface  near  the  center  of  the  mountain. 

With  the  view  of  using  it  as  a  guide  in  the  study  and  mapping  of  a 
large  area  south  of  the  river  in  which  the  geologic  structure  is  favor- 
able for  the  accumulation  of  oil  and  gas,  the  Mesozoic  section  along 
the  river  east  of  the  Rattlesnake  Mountain  fold  has  been  accurately 
measured  and  examined  in  greater  detail  than  is  customary  in  areal 
geologic  work.  Though  the  entire  section  from  Cambrian  to  Eocene 
is  exposed,  the  present  examination  has  been  confined  to  the  Mesozoic 
and  overlying  Tertiary  formations,  for  the  reason  that  they  probably 
contain  all  the  sands  which  may  carry  oil  and  gas  in  the  region  under 
consideration.  Furthermore,  oil  and  gas  have  been  found  in  two 
wells  located  on  the  axis  of  the  narrow  anticline  shown  on  Plate  V, 
and  the  sands  from  which  they  are  derived  outcrop  prominently  along 
the  upper  portion  of  the  river. 

The  detailed  examination  of  so  continuous  a  stratigraphic  section 
involving  a  great  thickness  of  sedimentary  rocks  is  not  only  rarely 
possible,  but  aside  from  the  accuracy  of  measurement  which  it  permits, 
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it  has  the  advantage  of  facilitating  the  more  accurate  delimitation  of 
the  formations.  The  section  also  shows  in  detail  the  sedimentary 
succession  on  the  west  side  of  the  Bighorn  Basin.  The  Meeozoic  and 
Tertiary  formations,  exdusive  of  beds  of  Wasatch  age,  are  approxi- 
mately 15,000  feet  thick  along  Shoshone  River. 

METHOD  OF  WORK. 

In  order  to  measure  and  study  in  detail  the  formations  along  the 
Shoshone  Canyon,  two  operations  were  involved — ^first,  the  location, 
by  means  of  a  plane-table  survey  on  a  scale  of  2,000  feet  to  an  inch, 
of  numerous  points  on  pronunent  as  well  as  critical  lithologic  members, 
between  which  the  stratigraphic  thickness  does  not  exceed  1,000  feet; 
second,  the  detailed  measurement  by  tape  or  by  clinometer  and 
pacing,  as  the  exposures  permitted,  of  the  various  lithologic  imits, 
the  points  previously  established  being  used  as  a  basis  of  control.  It 
is  obvious  that  detail  is  more  desirable  in  those  portions  of  the  section 
which  contain  thin,  clearly  separable  formations  of  distinct  lithologic 
character  than  where  the  formations  are  thick  and  merge  gradually 
with  bounding  formations  of  different  character.  Thus  greater  detail 
has  been  sought  in  the  lower  marine  sandstones  and  shales  than  in  the 
higher  beds  of  fluviatile  origin.  Lack  of  time  also  prevented  the 
same  amount  of  study  of  the  higher  beds  that  was  given  to  those 
of  the  lower  part  of  the  section. 

FOSsHiS. 

On  several  occasions  the  section  along  the  Shoshone  has  been  ex- 
amined in  more  or  less  detail  by  members  of  the  Geological  Survey,^ 
and  niunerous  collections  of  fossils  have  been  made  with  the  view 
of  correlating  the  formations  with  those  that  are  well  known  in  south- 
central  Montana  and  eastern  Wyoming.  In  1907  Fisher  and  Wood- 
ruff '  measured  the  Mesozoic  part  of  the  section,  and  with  Stanton, 
Elnowiton,  and  Willard  collected  plants  and  invertebrate  fossils  from 
a  number  of  horizons.  It  has  been  possible  to  identify  most  of  these 
horizons,  and  with  the  permission  of  those  who  made  the  collections 
their  lists  of  fossils  are  here  presented  with  those  made  by  the  writer. 
Acknowledgment  is  also  due  to  Mr.  E.  O.  Woodruff"  for  suggestions  in 
the  field  and  for  reference  to  unpublished  notes  in  the  office. 

I  Woodruff,  E.  O.,  Coal  fields  of  the  aoothwest  side  of  the  Bighorn  Basin,  Wyo.:  U.  8.  Geol.  Surrey  BoIL 
841.  p.  a03, 1909. 
tUnpuhlished  not«. 
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OUTLINE. 


The  following  table  shows  the  character  and  relations  of  the  forma- 
tions from  the  Sundance  (Upper  Jurassic)  to  the  Wasatch  (Eocene) : 

Summary  of  JuroMiic,  Creiaeeout,  and  Tertiary  fonnatioTii  along  Shoihone  River, 


System. 

Sflrioi. 

FonnstioQ. 

Character. 

Tbkk- 
(25). 

£oo«M. 

Wtsstch. 

— Unooofonnity— 

FortUnioo. 

Unocolbmilty  (7) 
Tin. 

Bull  and  white  sandstones,  locally 
ooDslomeratio  and  feklspathio. 
alteniating  with  grsenJan  and 
red  shales  and  days. 

(T) 

Tirtiary. 

White  and  bull  massive  sand- 
stones with  oonglomerate  sons 
at  base.    Upper  portion  more 

water  ftrana. 

b,sn 

Crataemu  or  T«r- 

T 

Bull  and  yellow  sandstones  with 
minor  sandy  shale  and  day.   No 
coal  beds;  saurian  bones  and 
fresh-water  invertebrate  fossils. 

1,790 

Upper  Cretaoeoos. 

MeeCeetse. 

ArEfUaceous  sandstone  and  sandy 
shale  with  numerous  beds  of 
brown  carbonaceous  shale  and 
lenticular  ooal  near  top.    Mon- 
tana flora. 

1,110 

Cntaoaou. 

Oebo. 

Massive  sandstone,  bull  near  base 
and  white  near  top,  sepaimted 
by  thin  beds  of  shale.    One  or 
morecoal  beds  near  base.    A  few 
plants  and  invertebrates  of  Mon- 
tana tyi>e8. 

i,iao 

Colorado. 

Upper  member:  Dark -green    to 
black  shale,  sandy  near  top;  nu- 
merous marine  fossils. 

Middle  member:  BulT  sandstone 
locally  conglomeratic,  alternate 
ing  with  sandy  shale  and  thin 
carbonaceous  shale.    One  coal 
bed  near  top  and  several  beds  of 
bentonite. 

Lower  member:  Gray  to  black 
shale  with  several  sandstones 
and  numerous  beds  of  bentonite 
throughout.    Few  marine  fossils 
and  fish  scales. 

2,  ISO 

4M 

1,096 

Lower  Cretaoeoiu. 

"Cloverly." 

Two  sandstones  separated  by  shale. 

110 

JimMio  or  Cnt*- 

T 

Morrison. 

ManxA,  gray,  and  brown  shales 
with  several  sandstones.    Sau- 
rian bones. 

680 

Inrurfe. 

Upper  Jurassic. 

Sundance. 

Olauoonitic  green  and  gray  shales, 
calcareous  sandstone,  and  gyp- 
sum beds.    Numerous  manne 
and  brackish-water  fossils. 

530 

Total  fhldknea,  14,803+  toet. 
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Plate  V  presents  a  plan  of  the  survey  of  Shoshone  River  covering 
a  strip  9  nules  long  and  a  vertical  cross  section  showing  an  interpre- 
tation of  the  structure  along  a  line  approximately  coinciding  with 
the  course  of  the  river.  It  also  shows,  graphically,  the  stratigraphic 
section  of  the  rocks  from  the  Sundance  formation  (Upper  Jurassic) 
to  the  Fort  Union  formation  (Eocene)  and  an  enlargement  of  the 
lower  2,700  feet  of  the  section  in  order  to  show  in  greater  detail  the 
position  and  relations  of  the  oil  and  gas  bearing  sands. 

SUNDANCE  FORMATION. 

Beds  containing  Sundance  (Upper  Jurassic)  fossils  have  been 
recognized  at  many  localities  in  the  Bighorn  Basin  and  in  eastern 
Wyoming.  They  present  similar  lithologic  features  and  are  char- 
acterized by  abundant  fossils,  notably  of  the  genera  Oryphsea, 
Ostrea,  and  Pentacrinus.  A  section  of  the  formation  has  been 
examined  in  detail  by  Fisher  ^  along  Trail  Creek,  8  miles  northwest 
of  Cody  and  within  6  nules  of  the  point  of  exposure  along  Shoshone 
River.  Along  Trail  Creek  a  thickness  of  322  feet  was  measured,  but 
along  the  river,  if  the  lower  and  upper  limits  of  marine  Jurassic 
fossils  are  taken  as  the  base  and  top,  respectively,  the  thickness  of 
the  formation  is  530  feet,  the  greatest  which  has  been  measured  in 
Wyoming.  The  beds  are  well  exposed  along  the  south  bank  of  the 
river  and  may  be  examined  closely.  There  is  no  appreciable  differ- 
ence in  dip  or  evidence  of  erosional  unconformity  between  the 
Sundance  formation  and  the  underlying  red  sandstone  of  the  Chug- 
water  formation  (Triassic?).  There  was,  in  fact,  a  gradual  transi- 
tion from  conditions  of  Chugwater  sedimentation  to  those  of  the 
marine  Sundance  formation. 

The  distinguishing  features  of  the  Sundance  formation  are  the 
numerous  alternations  of  f  ossilif  erous  marine  shales  and  gypsum  beds 
near  the  base,  its  evenly  bedded  condition  throughout,  and  the 
gradual  increase  in  content  of  glauconite  and  quartz  sand  toward 
the  upper  sandstone  which  limits  it.  In  the  following  section  the 
details  of  the  lower  part  of  the  formation  are  those  of  the  section 
made  by  Fisher  and  Woodruff. 

Section  of  Sundance  forrnation  on  Shoshone  River, 

Feet. 
Shale,  gray,  sandy,  and  sandstone,  lower  half  shaly,  upper  half 

firm  and  massive;  fossil  collection  4997 42 

Sandstone,  gray,  massive,  cross-bedded,  with  several  poorly  in- 
durated layers  and  a  number  of  thin  limestone  beds  composed  of 
Ostrea  fragments;  fossil  collections  4988,  4996 60 

1  Fisher,  C.  A.,  Oeology  and  water  resources  of  the  Bighorn  Basin,  Wyo.:  U.  8.  Oeol.  Surrey  Prof.  Pi^mt 
53,  p.  21. 1906. 
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Feet. 
Sandfltone,  gray,  with  numerous  shale  layers;  fossil  collectioiis 

4885,4986 6 

Shale,  dark 16 

Shale,  green,  hig^y  fosBiliferous  near  the  hase,  becoming  sandy 
above;  the  upper  more  sandy  portions  are  uniformly  glauconitic; 

loonl  cc^ection  4989 240 

ffliale,  green,  sandy,  containing  a  number  of  fosGdliferous  layers 22 

ffliale,  green,  sandy,  with  several  thin  nodular  limestones 16 

Stale,  red,  sandy,  traversed  by  numerous  gjrpeum  veinlets 48 

Gypsum 12 

I^estone,  gray,  fossiliferous,  and  greenish-gray  shale  in  alternat- 
ing beds 23 

Limestone,- gray,  fossiliferous 2} 

Clay,  gray 1 

Limestone,  gray,  fossiliferous 2 

Limestone,  gray,  fossiliferous,  and  yellowiah-gray  clay,  in  alternat- 
ing layers;  fossil  collection  4982 3} 

Clay,  dark 2 

Limestone,  gray,  fossiliferous,  composed  largely  of  fossil  fragments.  5 

Oay :....  3 

Limestone,  gray,  fossiliferous,  containing  many  fragments  of  fos- 
sils; foaril  collection  4981 21J 

Sandstone,  gray,  fossiliferous;  fossil  collection  4980 4} 

Clay,  gray,  compact 1 

530 

The  fonowing  collections  of  fossils  from  the  Sundance  formation 
were  made  in  1907  by  Stanton  and  Willard: 


4997.  Stanton: 
Trigoniasp. 
Astarte  sp. 
Undetermined  pelecypods. 

4988.  Willard: 
Rhynchonella  sp. 
Ostreasp. 

4996.  Stanton: 

Rhynchonella  myrina  H.  and  W. 
OstTea  strigilecula  White. 

4985.  Willard: 
Rhynchonella. 
Gamptonectes. 

4986.  Wniard: 
Ostrea. 

Gamptonectes. 
Modiola. 

4989.  Willard: 

Gryphsea  calceola  var.   nebrascensis 

M. and  H. 
Gamptonectes    pertenuistriatus    M. 

andH. 


4989.  Willard— Gontinued. 

Gervillea  sp. 

Area  (?)  sp. 

Trigoniasp. 

Astarte  meeki  Stanton. 

Astarte  sp. 

Pleuromya  subcompressa  Meek. 

Ammonite  fragment. 
4982.  Willard: 

Ostrea  strigilecula  White. 

Obscure  bivalves. 
49vSl.  Willard: 

Pentaorinus  astericus  M.  and  H. 

Gamptonectes  bellistriatus  Meek. 

Trigonia. 
4980.  Willard: 

Lima  sp. 

Trigonia  amerlcana  M.  and  H. 

Trigonia  sp. 


94  GOKTBIBUTIOKS  TO  ECOKOBnC  GEOLOGY,  1912,  PABT  IL 

MORBISOK  FOSMATIOK. 

The  Morrison  formation  has  been  recognized  at  a  number  of  locali- 
ties throughout  the  Bighorn  Basin  by  its  characteristics  and  relations 
and  in  places  by  the  presence  in  it  of  saurian  bones.  Measurements 
of  its  thickness  have  langed  from  130  to  382  feet.^  The  formation  is 
well  exposed  along  the  north  bank  of  Shoshone  River,  where  its 
thickness  has  been  determined  to  be  580  feet.  At  the  base  it  is  not 
clearly  separable  from  the  underlying  Sundance  formation,  but  the 
diyision  is  made  at  the  top  of  the  uppermost  outcropping  sandstone 
which  contains  marine  Jurassic  fossils.  As  no  fossils  other  than 
saurian  bones  from  the  middle  portion  have  been  found  in  either  this 
formation  or  the  overlying  ''Cloverly,"  the  upper  limit  is  taken  to  be 
the  base  of  the  sandstone  overlying  the  uppermost  maroon  day. 
In  describing  the  character  of  the  overlying  '*Cloverly"  formation 
in  the  vicinity  of  the  Bighorn  Mountains  Darton'  states  that  the 
base  is  usually  marked  by  a  conglomeratic  sandstone  and  considers 
that  this  member  limits  the  underlying  Morrison.  On  this  criterion 
several  beds  of  maroon  clay  are  included  in  the  ''Cleverly"  forma- 
tion, though  beds  of  similar  character  occur  throughout  the  Morrison. 
In  the  absence  of  a  conglomerate  at  this  horizon  on  Shoshone  River 
it  seems  reasonable  to  consider  that  the  uppermost  red  clay  marks 
the  limit  of  Morrison  sedimentation. 

There  is  a  striking  resemblance  between  the  middle  portion  of  the 
formation  along  Shoshone  River  and  that  in  the  region  north  of 
Thermopolis  described  by  Darton.'  Evidence  of  an  unconformity 
between  the  Morrison  and  ''Cloverly,"  noted  by  Fisher*  in  places 
has  not  been  found  on  Shoshone  River. 

Besides  the  variegated  color  and  alternations  of  several  diverse 
types  of  material,  a  characteristic  feature  of  the  formation  is  the 
presence  of  gastroliths,  or  ''stomach  stones,"  which  are  found  in 
intimate  association  with  large  saurian  bones.  In  an  area  20  feet  in 
diameter  on  the  cut  bank  where  the  beds  are  exposed  on  the  north 
side  of  the  river  no  less  than  60  pounds  of  large  bone  fragments  and 
15  pounds  of  gastroliths  were  found.  The  gastroliths  range  from  2 
to  5  inches  in  diameter  and  are  faceted  but  highly  polished.  Most 
of  them  are  chert,  showing  crinoid  stems  and  Bryozoa,  and  one  large 
pebble  is  homstone,  containing  a  few  pyrite  crystals,  a  rock  not 
known  to  exist  in  place  within  150  miles  of  this  locality. 

1  Fisher,  C.  A.,  op.  cit.,  p.  25. 

s  DftrUm,  N.  H.,  Geology  of  the  Bighorn  Moantains:  U.  S.  Oeol.  Survey  Prof.  Paper  51,  p.  60, 19011. 

•Fisher,  C.  A.,  op.  clt.,  p.  20. 
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Section  of  Morriion  formation  on  Shothone  River. 


Shale,  maroon  and  gray,  sandy 50 

Sandstone,  buff 6 

Shale,  gray,  sandy 12 

Sandstone,  buff 4 

Shale,  gray,  sandy 10 

Sandstone,  buff,  cross-bedded 8 

Clay,  gray,  sandy 50 

Sandstone,  buff,  fine  grained,  evenly  bedded,  and  ripple  marked...  6 

Clay,  maroon  and  yellow,  sandy 44 

Clay,  dark  brown  to  black,  containing  saurian  vertebne,  limb  bones, 

and  gastroliths 20 

Sand,  gray,  argillaceous,  only  locally  indurated,  containing  wood 

silidfied  in  place,  as  well  as  rounded  pebbles  of  similar  material; 

carbonized  plant  remains  and  small  calcareous  concretions 50 

Clay,  maroon,  sandy 55 

Sandstone,  white,  homogeneous,  only  locally  indurated 25 

Clay,  prevailingly  gray  and  olive-colored,  but  with  three  broad 

maroon  bands,  sandy 100 

Shale,  green,  sandy,  transitional  to  upper  sandstone  of  the  Sundance 

formation 140 

580 

C.  W.  Gilmore  reports  that  bones  collected  from  the  20  feet  of  clay 
near  the  middle  of  the  formation  represent  "the  vertebra  of  a  car- 
niyorous  dinosaur,  not  otherwise  determinable." 

''cloverly"  formation. 

The  recognition  of  the  ''Cloverly"  formation  is  based  wholly  on 
its  lithologic  character  and  relation  to  the  overlying  marine  shale 
and  the  underlying  Morrison  formation.  The  name  has  been  applied 
by  Darton  ^  to  a  group  of  beds  which  lie  beneath  the  Colorado 
formation  on  the  west  side  of  the  Bighorn  Mountains  and  which 
he  beUeved  to  include  the  equivalent  of  the  Dakota  sandstone, 
together  with  beds  of  Lower  Cretaceous  age.  Fisher  ^  has  reported 
a  collection  of  plants  from  shale  overlying  a  coal  bed  below  the 
base  of  the  Colorado  formation  in  the  eastern  part  of  the  Bighorn 
Basin,  which  were  determined  to  be  of  Kootenai  (Lower  Creta- 
ceous) age,  and  on  the  basis  of  this  determination  he  regards  the 
"Cloverly "  as  the  equivalent  of  the  Kootenai  of  the  Montana  region. 
No  fossik  have  been  found  along  the  west  side  of  the  basin,  nor  is 
there  evidence  of  the  presence  of  a  coal  bed  with  which  the  leaves 
are  associated. 

1  Darton,  N.  H.,  op.  dt,,  p.  iS. 

*  Fisher,  C.  A.,  Boathem  extension  of  the  Kootenai  and  Montana  ooal-bearlng  formations  in  northern 
Montana:  Econ.  Qeologj,  vol.  3,  p.  84, 1906. 
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On  account  of  the  nearly  vertical  walls  of  the  canyon  of  Shoshone 
River  these  beds,  although  well  exposed,  can  not  be  examined  in 
detail. 

The  sandstones  are  fine  grained  and  the  grains  are  angular  and 
fairly  uniform  in  size,  ranging  from  0.1  to  0.25  millimeter  in  diam* 
eter.  They  are  firmly  held  by  a  cement  composed  largely  of  car- 
bonate of  iron.  No  conglomerate  beds  such  as  have  been  recog- 
nized elsewhere  in  the  basin  were  found  in  the  section. 

Section  of  "  Chverly  "  formation  on  Shoshone  River. 

Feet. 
Sandstone,  buff,  indurated,  characteristically  thin  bedded  and  rip- 
ple marked.    The  beds  range  from  half  an  inch  to  20  inches  in 
thickness  and  are  composed  of  angular  and  subangular  grains  of 

quartz,  with  traces  of  muscovite  near  the  top 60 

Shale,  gray,  sandy 26 

Sandstone,  buff,  massive 25 

110 
CX)LOBADO  FORMATION. 

GEHEBAL  CHABACTXB. 

The  entire  Colorado  formation  is  exposed  in  exceptional  detail 
along  Shoshone  River  and  is  separable  lithologically  into  three  mem- 
bers— the  lowest,  1,026  feet  thick,  composed  largely  of  shale;  the 
middle,  494  feet  thick,  predominantly  shaly  but  containing  a  num- 
ber of  massive  sandstones  from  3  to  40  feet  thick;  and  the  upper- 
most, 2,150  feet  thick,  principally  shale.  The  lower  two  members 
contain  but  a  few  fossUs,  which  do  not  serve  to  correlate  them  accu- 
rately with  portions  of  the  formation  observed  in  near-by  regions. 
The  lower  part  of  the  upper  member  is  highly  fossiliferous.  Most  of 
the  sections  presented  herewith  are  those  exposed  on  the  north  side 
of  the  river,  though  a  portion  of  the  formation  near  the  base  has 
been  examined  on  the  south  side.  There  is  no  evidence  of  uncon- 
formable relations  such  as  have  been  inferred  by  Washbume  *  on  the 
east  side  of  the  basin. 

The  section  is  interesting  as  containing  the  oil  sands  which  have 
been  struck  in  the  well  of  the  Shoshone  Oil  Co.,  the  log  of  which  is 
given  on  page  65.  The  sandstone  referred  to  by  Washbume  as  the 
soiu'ce  of  gas  in  wells  on  the  east  side  of  the  basin  is  undoubtedly  the 
equivalent  of  the  20-foot  sandstone  near  the  base  of  the  lower  shale 
member  on  Shoshone  River,  which  has  also  yielded  oil  in  the  Shoshone 
Oil  Co.'s  well.  There  is  a  close  resemblance  between  the  section  given 
by  Washbume  *  and  that  on  Shoshone  River. 

1  Washbume,  C.  W.,  Gas  fields  of  the  Bighorn  Basin,  Wyo.:  U.  S.  OeoL  Surrey  BuU.  340,  p.  350, 1908. 
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The  most  unusual  feature  of  the  lower  member  is  the  persistent 
occimrence  of  bentonite,  a  yellow  unctuous  clay,  in  beds  from  1  inch 
to  4  feet  thick.  Near  the  base  of  the  member  there  are  numerous 
thin  beds  of  bentonite,  the  392-foot  shale  of  the  section  below  con- 
taining no  less  than  .35  beds,  whereas  the  upper  portion  contains 
fewer  though  much  thicker  beds.  Bentonite  is  known  to  occur  in 
many  localities  in  Wyoming  where  the  Colorado  shale  is  well  exposed/ 
but  the  number  of  beds  in  the  Shoshone  River  section  greatly  exceeds 
that  reported  elsewhere.  It  appears  to  be  at  least  possible  that  more 
beds  of  bentonite  than  have  been  reported  exist  in  the  Colorado 
shale  in  other  parts  of  Wyoming,  but  that  the  conditions  of  exposure 
do  not  permit  their  recognition.  The  shale  of  this  member  is  gray 
to  blue-black,  dense,  fine  grained,  and  near  the  base  carbonaceous. 

Section  of  the  lower  member  of  the  Colorado  formation  on  Shoshone  River, 

1.  Shale,  sandy 32 

2.  Sbale,  blue-gray,  with  fiah  scalee 56 

3.  SaDdflione,  buff 4 

4.  BeDtonite 4 

5.  Shale,  gray,  with  fiah  scales  and  vertebrae 45 

6.  Bentonite ^ 4 

7.  Shale,  gray,  with  fiah  acalet 151 

8.  Sandstone,  buff,  thin  bedded 80 

9.  Shale,  dark,  denae 50 

10.  Sandstone 3 

11.  Shale,  bluiah  black,  containing  eeveral  thin  gray  sandstones 

and  numerous  beds  of  bentonite  from  1  inch  to  4  feet  thick.      392 

12.  Sandstone,  buff,  massive;  the  lower  portion  cross-bedded  and 

containing  numerous  crocodile  teeth,  several  caudal  ver- 
tebrse  of  dinosaurs,  and  a  turtle,  also  many  pieces  of  carbon- 
ized plant  material;  fossil  collection  123 20 

13.  Shale,  dark  brown  to  black,  containing  thin  beds  of  bentonite 

near  the  top 185 

1,026 

Fossil  collection  No.  123  contained  '' caudal  vertebrsd  of  dinosaur; 
teeth  of  crocodile,"  according  to  C.  W.  Gilmore.  O.  P.  Hay  reports 
that  the  turtle  ''represents  an  undescribed  species  probably  belonging 
to  the  genus  Gyremys.  This  genus  is  known  from  a  single  specimen, 
O.  spectCLbilie  Hay,  believed  to  be  from  the  Judith  River  formation 
of  Montana." 

MXDDLB  MKlfBBR. 

The  middle  member  is  extraordinarily  well  exposed  and  accessible. 
The  shale  in  the  member  is  gray,  sandy,  and  only  locally  carbona- 
ceous.   The  sandstones  are  gray  and  buff  and  well  indurated,  and  sev- 

I  nbMT,  C.  A^  The  bentonite  deposits  of  WTomlnf:  U.  8.  OeoL  Surrey  Bnll.  300,  p.  660, 1904. 
365**— Bull.  541—14 7 
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era!  of  them  contain  persistent  zones  of  chert  pebbles,  a  feature  which 
has  been  recognized  elsewhere  in  the  Bighorn  Basin.  Though  the  mid- 
dle member  contains  several  thick  beds  of  bentonite,  it  lacks  the 
great  number  of  thin  beds  noted  in  the  lower  member. 

Section  of  the  middle  member  of  the  Colorado  formation  on  Shoehone  River. 

FscfL 

1.  Sandstone,  buff»  separated  into  three  benches  by  thin  brown 

shale  bands;  upper  and  lower  benches  contain  chert  pebbles, 

the  largest  half  an  inch  in  diameter 24 

2.  Sandstone,  buff  to  giay,  shaly 60 

3.  Shale,  brown 1 

4.  Bentonite 8 

5.  Shale,  brown 6 

6.  Sandstone,  buff 6 

7.  Bentonite 6 

8.  Shale,  brown,  with  4  inches  of  coal 3 

9.  Sand,  brown,  shaly 8 

10.  Shale,  brown,  with  two  thin  coal  beds 2 

11.  Shale,  dark 13 

12.  Sandstone,  buff 3 

13.  Shale,  sandy 30 

14.  Sandstone,  buff 6 

15.  Shale,  sandy 56 

16.  Sandstone,  drab,  separable  into  four  massive  benches  by  thin 

shale  layers;  second  bench  from  the  top  contains  black  chert 

pebbles  three-fourths  of  an  inch  in  diameter 40 

17.  Shale,  sandy 32 

18.  Sandstone,  buff,  thin  bedded 18 

19.  Shale ,  sand y 22 

20.  Sandstone,  buff,  thin  bedded 12 

21.  Shale 16 

22.  Sandstone,  buff 8 

23.  Shale 16 

24.  Sandstone,  buff 40 

25.  Shale 24 

26.  Sandstone,  buff,  thin  bedded,  containing  nonpersistent  zones  of 

chert  pebbles  as  much  as  3  inches  thick  near  the  top  and  a 
highly  persistent  zone  6  inches  thick  near  the  middle;  the  peb- 
bles range  from  three-fourths  of  an  inch  to  2  inches  in  diam- 
eter; fragments  of  bone  and  bivalve  shells  are  common 36 

494 

UPPER  MZ1IBS&. 

The  uppermost  sandstone  of  the  middle  member  is  overlain  by  a 
great  thickness  of  shale  which^  though  increasingly  sandy  near  the 
upper  limit,  does  not  contain  any  lithologic  units  clearly  separable 
from  the  shale.  The  thickness  of  this  member  along  Shoshone 
River  is  2,150  feet,  the  upper  limit  being  the  first  massive  sandstone 
of  the  overlying  Gebo  formation.  The  beds  may  be  most  satis- 
factorily examined  on  the  south  side  of  the  river  east  of  the  anti- 
cline on  which  the  Shoshone  Oil  Co.'s  well  is  situated. 
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The  lower  portion  of  the  member  contams  many  concretions,  most 
of  which  contain  numerous  fossils.  These  definitely  establish  the 
age  of  the  beds  as  upper  Colorado.^ 

Though  there  are  no  separable  lithologic  imits  in  this  shale  mem- 
ber, close  examination  shows  that  several  diverse  types  are  present. 
The  basal  200  feet  is  predominantly  dark  blue-gray  to  black  in  color, 
fine  grained,  and  free  from  sand.  This  portion  contains  relatively 
few  fossils.  The  next  300  feet  is  olive-gray  to  pale  green,  is  locally 
sandy,  and  contains  the  concretions  from  which  most  of  the  fossils 
are  derived.  Its  color  is  due  to  a  disseminated  green  mineral,  which 
IS  probably  glauconite.  Above  this  zone  the  member  contains  an 
increasing  proportion  of  quartz  sand,  and  the  400  feet  underlying 
the  basal  massive  sandstone  of  the  Gebo  formation  is  essentially 
a  succession  of  thin  argillaceous  sandstones.  This  portion  is  buff 
in  color,  evenly  bedded,  and  locally  ripple-marked.  It  has  thus 
far  only  yielded  a  few  gastropods  too  poorly  preserved  to  permit 
identification. 

The  following  collections  of  fossils  from  the  upper  member  of  the 
Colorado  formation  were  made  by  Woodruff  and  Willard  and  by  the 
writer: 


4960.  Woodruff: 

Inoceramufl  exogyroides  M.  and  H. 

Inoceramus  undabundus  M.  and  H. 

InoceramuB  acuteplicatus  Stanton. 

Inoceramus  sp. 

Legumen  sp. 

Fholadomya  i>apyracea  M.  and  H. 

Baculites  asper  Morton  (7) 

Baculites  sp. 

Scaphites  ventricosus  M.  and  H. 

Ancyloceras  (?)  sp. 

Mortoniceras  sp.  related  to  M.  sho- 
shonense  M.  and  H. 
4991.  Willard: 

Anomiasp. 

Avicula  sp.  cf.  A.  linguiformis  E. 
and  S. 

Inoceramus  acuteplicatus  Stanton. 

Inoceramus  sp. 

Crassatellites  n.  sp. 

Gorbiila  sp. 

Turritella  n.  sp. 

Baculites  asper  Morton? 

Baculites  sp. 

Scaphites  ventricosus  M.  and  H. 

Mortoniceras  sp. 


5032.  WHHBtd: 

Avicula  sp. 

Inoceramus  umbonatus  M.  and  H. 

Inoceramus  acuteplicatus  Stanton. 

Crassatellites  n.  sp. 

Gorbula  sp. 

Dentalium  sp. 

Turritella  sp. 

Gyrodes  conradi  M.  and  H. 

PUBUS  (?)  sp. 

Baculites  asper  Morton. 

Scaphites  ventricosus  M.  and  H. 
7369.  Hewett: 

Anomiasp. 

Avicula  sp.  cf.  A.  linguiformis  E. 
and  S. 

Nemodon?  sp. 

Veniella  sp. 

Fholadomya  papyracea  M.  and  H. 

Corbula  sp. 

Dentalium  sp. 

Volutoderma  sp. 

Cinuliasp. 

Baculites  sp. 

Scaphites  ventricosus  M.  and  H. 

Mortoniceras  shoshonense  Meek. 


1  In  the  repcHt  by  Flsber  (U.  8.  Oeol.  Survey  Prof.  Paper  53)  these  beds,  on  the  basis  of  meager  fossil 
collections,  were  regarded  as  being  eqoiyalent  to  the  Pierre  of  eastern  Wyoming  and  Montana.  Their  hga 
appears  now  to  beestablished  as  ColorBdo. 
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OEBO  FORICATION. 

Overlying  the  thin-bedded  shaly  sandstones  of  the  upper  member 
of  the  Colorado  is  a  mass  of  buff  to  cream-colored  sandstone,  in 
beds  ranging  from  18  to  65  feet  in  thickness,  with  thin  intercalated 
shales,  which  near  the  base  contain  coal.  On  account  of  the  indu- 
rated condition  of  the  sandstone  the  river  flows  in  a  narrow  gorge 
for  the  greater  portion  of  the  section  and  they  can  not  be  exam- 
ined in  detail.  In  the  region  south  of  the  river,  however,  these 
beds  constitute  a  well-defined  lithologic  unit  and  wherever  they 
outcrop  form  high  rugged  ridges.  The  name  is  derived  from  the 
town  of  Gebo,  near  Thermopolis,  in  the  south  end  of  the  Bighorn 
Basin,  near  which  extensive  mining  operations  have  been  conducted 
on  a  coal  bed  near  the  base  of  the  formation. 

The  thickness  assigned  to  the  formation  along  Shoshone  River 
is  1,120  feet,  the  basal  and  top  members  being  assumed  as  the  low- 
est massive  sandstone  above  the  upper  member  of  the  Colorado  and 
the  highest  indurated  sandstone  below  the  Cody  coal  bed.  This  thick- 
ness compares  with  measurements  of  1,250  to  1,430  feet,  made  in 
the  region  south  of  the  river.  The  formation  has  yielded  a  meager 
flora  and  a  few  invertebrate  fossils  along  the  river,  on  the  basis  of 
which  the  lower  portion  is  correlated  with  the  beds  referred  to 
the  Eagle,  containing  the  coals  near  Bridger,  Mont.  This  correla- 
tion is  confirmed  by  the  field  work  of  Fisher,  Washbume,  and  Wood- 
ruff, who  have  traversed  and  mapped  the  coal  beds  of  the  formation 
almost  continuously  from  south-central  Montana  into  Wyoming  and 
around  the  Bighorn  Basin.  The  formation  contains  a  characteristic 
marine  fauna  in  the  upper  Missouri  River  region  ^  and  in  southern 
Montana,'  but  no  invertebrate  fossils  have  yet  been  found  in  the  basal 
portion  of  the  formation  on  Shoshone  River.  A  few  poorly  preserved 
mollusks  were  collected  from  the  sandstone  overlying  the  lowest 
coal,  85  feet  above  the  base  of  the  formation  at  Thompson's  coal 
mine,  15  miles  south  of  Cody,  but  they  are  not  diagnostic  species. 

Throughout  central  and  southern  Montana  the  thickness  of  the 
Eagle  sandstone  ranges  from  200  to  370  feet.  In  the  region  north 
of  Shoshone  River,  where  the  Eagle  has  been  more  carefully  studied, 
it  is  overlain  by  the  Cla^ett  formation,  from  400  to  760  feet  thick. 
In  the  type  locality  in  central  Montana  the  daggett  formation  is 
predominantly  shale  which  yields  a  characteristic  marine  fauna,  but, 
as  shown  by  the  sections  given  by  Fisher,'  in  its  southern  extension 
the  proportion  of  sandstone  increases,  and  at  Elk  Basin,  on  the  Mon- 
tana-Wyoming line,  the  section  shows  only  a  minor  proportion  of 

1  Stanton,  T.  W.,  and  Hatohar,  J.  B.,  Oeology  and  jmleontology  of  the  Jodlth  Riyer  beds:  U.  S  OeoL 
Survey  BuU.  257,  p.  12, 1905. 

s  Unpublished  notes  of  T.  W.  Stanton. 

*  Fisher,  C.  A.,  Southern  extension  of  the  Kootenai  and  Montana  ooal^bearlng  formations  in  nortlMni 
Montana:  Eoon.  QeoL,  voL  3,  p.  87, 1908. 
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shale.  Though  the  beds  yield  a  characteristic  fauna  as  far  south  as 
Bridger,  Mont./  none  of  the  fossils  have  thus  fai  been  found  on  Sho- 
shone River  nor  in  the  r^on  south  of  it.  iW  conclusion  appears 
justifiable  that  the  upper  sandstones  of  the  Oebo  formation  corre- 
spond to  the  daggett  formation  of  Montana,  and  thWdfQre  that  the 
Gebo  formation,  having  a  thickness  of  1,120  feet  on  the  river,  is. essen- 
tially the  equivalent  of  both  the  Eagle  and  Cla^ett  formations..- 

Feet.     • 

Sandrtone,  bufif,  maasive 18 

Shale,  diab  to  brown;  foonl  collection  17,  Knowlton  (7) ' 50 

Sandstone,  buff,  maaBive 20 

Sandstone,  locally  massive  and  indurated,  with  few  beds  of  gray  to 

brown  shale;  fossil  collection  4972,  and  38,  Woodruff 720 

Sandstone,  buff,  massive 40 

(^7)  81^7  to  brown,  homogeneous,  sandy 20 

Sandstone,  buff,  thin  bedded 55 

Shale,  carbonaceous,  with  thin  coal  bed 20 

Sandstone,  thin,  and  shale 50 

Shale,  dark,  with  two  thin  coal  beds 32 

Sandetone,  buff,  massive 28 

Shale,  sandy 2 

Sandstone,  massive,  cavernous  outcrop 65 

1,120 

The  following  collections  of  fossils  from  the  Gebo  formation  were 
made  by  Woodruff  and  Knowlton  in  1907: 

4972.  Woodruff: 
Uniosp. 
Sph^um  fip. 

Gorbula  subtrigonalis  M.  and  H. 
Gk>nioba8is  invenusta  M.  and  H. 
Vivipanis  ep.  related  to  V.  conradi  M.  and  H. 
Comment  by  T.  W.  Stanton:  ''Judith  River  rather  than  Qaggett.'' 
38.  Woodruff: 

Sequoia  brevifolia. 
Protoph}dlum  n.  ep. 
Ficus  (?)  sp. 
Juglans  (?)  sp. 
C!onmient  by  F.  H.  Knowlton:  ''  I  do  not  know  this  flora.    It  is  not  like  what 
has  come  heretofore  from  the  Eagle,  though  it  may  be  an  Eagle  flora.    The 
ProtophyUum  is  of  the  type  of  certain  species  found  in  the  Dakota,  while 
the  Sequoia  is  ordinarily  an  upper  Montana  form." 
17.  Knowlton: 

Flatanus  (?)  wardii  Kn. 
Ficus  sp. 
Comment  by  F.  H.  Knowlton:  "If  the  above  species  is  correctly  determined, 
the  age  of  this  should  be  Eagle,  but  it  is  insufficient  to  be  very  positive 
about." 

t  UnpabUshed  notes  of  T.  W.  Stanton. 

*  The  sboroe  of  this  ooUeetlon  can  not  be  indicated  with  assurance. 
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.-  :  : 

•  •       •  • 
*XBETEETSE   FORMATION. 

The  name  Me^^d&&  is  applied  to  a  group  of  beds  1,110  feet  thick 
which  overlie/ 1jhe''Gebo  formation  and  which,  being  poorly  ex- 
posed aloi3^.Jtil€r*  river,  have  been  more  thoroughly  studied  in  the 
regio^)L  south,  of  it.  From  their  lithologic  character  and  relations  in 
that  r^on  these  beds  have  been  recognized  as  a  persistent  formation, 
y^^Sk  ^  named  from  the  town  of  Meeteetse,  on  Greybull  River,  the 
•'.bu^gest  town  in  the  southwestern  portion  of  the  basin.  No  fossils 
.^  V;-iave  been  found  in  the  formation  along  the  river,  but  in  the  r^on 
.;••/•  south  of  it  no  less  than  19  species  of  plants  have  been  found.  This 
flora  is  distinctly  that  of  the  Montana  group,  six  species  occurring  in 
the  upper  part  of  the  Mesaverde  formation  at  Point  of  Rocks,  Wyo., 
and  five  in  the  Judith  River  formation  on  Willow  Creek,  Mont. 
Most  of  the  collections  have  been  designated  "Judith  River"  by  F.  H. 
Ejiowlton,  and  the  beds  are  regarded  by  him  as  equivalent  to  the  Ju- 
dith River  formation  or  Belly  River  beds  of  Canadian  geologists.  One 
collection  containing  five  species  of  leaves,  obtained  130  feet  above 
the  base  of  the  formation,  15  miles  south  of  the  river,  is  reported  by 
F.  H.  Ejiowlton  to  indicate  "the  approximate  position  of  the  Mesa- 
verde." No  vertebrate  or  invertebrate  fossils  have  yet  been  found  in 
the  formation. 

The  conspicuous  features  of  the  formation  are  the  presence  of  a 
nimiber  of  beds  of  carbonaceous  shale  and  coal  and  the  general  ab- 
sence of  induration  of  the  beds.  Along  Shoshone  River  and  also 
throughout  the  greater  portion  of  the  r^on  south  from  the  river 
to  Owl  Creek  carbonaceous  shale  and  coal  beds  are  largely  confined 
to  the  upper  half  of  the  formation,  and  though  on  the  river  there  is 
but  one  bed  of  coal  more  than  14  inches  thick — ^that  which  has  been 
mined  by  the  Cody  Coal  Co. — ^in  the  neighborhood  of  Meeteetse  some 
sections  contain  as  many  as  five  beds.  The  beds  are,  however, 
highly  lenticular  and  the  coal  is  poor  in  quality  compared  to  the  coals 
in  the  underlying  Gebo  formation  and  the  higher  Fort  Union  forma- 
tion. Somber  colors  prevail  throughout  the  formation,  the  greater 
portion  of  the  beds  being  gray  to  olive  colored. 

The  material  constituting  die  formation  is  characteristically  poorly 
assorted;  the  sandstone  contains  much  clay  and  the  shale  is  sandy, 
features  which  partly  account  for  the  absence  of  induration.  Mica 
is  common  throughout  the  formation,  and  some  beds  near  the  middle 
contain  a  lai^e  proportion  of  fresh  biotite.  Silicified  wood  is  not 
common  on  the  river,  but  is  abundant  in  the  lower  600  feet  of  the 
formation,  where  the  beds  are  exposed  in  bad  lands.  Trunks  of  trees 
as  much  as  28  inches  in  diameter  and  10  feet  long,  as  well  as  roots 
silicified  in  place,  have  been  found.  The  upper  limit  is  the  base  of 
a  bed  of  white,  poorly  indurated  sandstone  which  is  persistent 
throughout  the  west  side  of  the  Bighorn  Basin. 
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Section  of  MeeUeUe  formation  on  Shoihone  River. 

Ft.    In. 

Shale,  brown,  carbonaceous 3 

Sbale,  gray 6 

Shale,  carbonaceous 2 

Shale,  gray 8 

Shale,  carbonaceous 8 

Sand,  olive-colored,  aigillaceous,  with  zones  of  sandy  clay 210 

Shale,  gray,  sandy,  with  thin  beds  of  carbonaceous  shale 60 

Shale,  carbonaceous 3    6 

Sand,  olive-colored,  aigiUaceous 60 

{Coal,  30  inches' 

Shale,linch       4    6 
Coal,  23  inchep. 

Sandstone,  buff  and  pale  oUve-gray,  argillaceous 750 


1,110 

ILO  FORBCATION. 

The  Ho  formation  presents  poorer  exposures  along  Shoshone  River 
than  any  of  the  Upper  Cretaceous  formations.  Its  character  is  best 
displayed  in  the  region  south  of  the  river,  where  several  collections 
of  invertebrate  fossils  have  been  made.  Sandstone  is  the  most 
abundant  constituent,  but  the  beds  are  so  lacking  in  induration  that 
except  in  small  areas  of  bad  lands  where  portions  of  the  formation  are 
shown  there  are  few  outcrops  and  it  has  not  been  possible  to  examine 
a  complete  section.  The  best  exposures  on  the  west  side  of  the  Big- 
horn Basin  are  in  the  open  valley  northwest  of  Ilo,  a  settlement  50 
miles  southeast  of  Cody,  from  which  the  name  of  the  formation  is 
derived.  Here  a  thickness  of  810  feet  has  been  measured,  compared 
to  850  feet  2  miles  west  of  Meeteetse.  As  no  fossil  collections  have 
been  obtained  on  the  river  from  the  zone  approximately  1,300  feet 
thick  between  the  beds  in  which  fossils  were  found  by  Woodruff  (4959) 
and  Willard  (365),  the  upper  Umit  of  the  Ho  formation  has  not  been 
established.  There  is  some  reason,  however,  for  believing  that  the 
lowest  conglomerate  zone  in  the  Fort  Union  formation  is  approxi- 
mately the  equivalent  of  a  persistent  zone  400  feet  above  the  base  of 
the  Fort  Union  throughout  the  region  between  GreybuU  River  and 
Owl  Creek,  where  data  bearing  on  the  relations  between  the  Ho  and 
Fort  Union  are  abundant.  On  Shoshone  River,  therefore,  the  top 
of  the  Ho  formation  is  provisionally  assumed  to  be  400  feet  below  the 
lowest  conglomerate  of  the  Fort  Union  formation.  The  formation  is 
regarded  as  approximately  equivalent  to  the  Lance  formation  in  the 
eastern  part  of  .the  State. 

The  Ho  formation  consists  of  several  groups  of  beds  of  massive 
yellow  sandstone  which  range  from  20  to  60  feet  in  thickness.  Unin- 
durated  clay  and  argillaceous  sand  alternate  with  the  sandstone,  and 
zones  200  to  600  feet  from  the  base  contain  invertebrate  and  verte- 
brate fossils  which  serve  to  establish  the  age  of  the  formation.    Thin 
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beds  of  carbonaceous  shale  occur  near  the  bottom,  but  are  not  per- 
sistent,  and  coal  is  conspicuously  absent.  The  materials  are  more 
perfectly  assorted  than  those  of  the  Meeteetse  formation,  but  along 
Shoshone  River  there  are  few  well-defined  lithologic  units  capable  of 
separation  from  the  associated  materials. 

Section  of  Ho  formation  on  Shothone  Fiver. 

Sandstone  with  zones  of  conglomerate  of  the  Fort  Union  fonnation. 
Sandstones,  buff  and  olive-colored,  unconsolidated,  with  minor    'eet. 

zones  of  sandy  clay ;  fossil  collections  4976,  4990, 4959 1,555 

Shale,  carbonaceous 6 

Sandstone,  olive-colored,  argillaceous 160 

Shale,  carbonaceous 4 

Clay,  gray,  sandy "25 

Sandstone,  white,  unindurated 40 

1,790 

The  following  collections  of  fossils  from  the  Ho  formation  were 
made  in  1907  by  Woodruff  and  Willard: 

4976.  Woodruff: 

Sphwrium  sp. 

Oampeloma  multilineata  M.  and  H. 

Phymsp. 
Comment  by  T.  W.  Stanton:  "Horizon  probably  'Geratopsbeds.'  ** 
4990.  Willard.    1,125  feet  east  of  Cody  coal  mine; 

Sphssrium  sp. 

Qoniobasis  tenuicarinata  M.  and  H. 

Fhynsp. 

Oolumnaep. 

Hydrobia  (?)  sp. 

Comment  by  T.  W.  Stanton:  "Horizon  probably  *Ceratops  beds.' " 
4969.  Woodruff.    900  feet  stratlgraphically  above  Cody  coal  mine: 
Unio  sp.  related  to  U.  priscus  M.  and  H. 
Sphniium  sp. 
Goniobaflis(?)  sp. 
Viviparus  sp. 
Campeloma  multilineata  M.  and  H.  (?) 

Comment  by  T.  W.  Stanton:  "Horizon  not  closely  fixed  by  these  fossils,  but  it 
is  believed  to  be  about  that  of  the  * Ceratops  beds.' " 

FORT  UNION  FORMATION. 

From  the  point  where  Sage  Creek  enters  Shoshone  River  from  the 
Bouih  to  the  bend  where  the  river  turns  northward  around  McCulloch 
Peak,  a  distance  of  12,000  feet,  a  group  of  beds  are  exposed  which 
have  thus  far  yielded  only  a  Fort  Union  flora  and  fauna.  On  account 
of  the  great  thickness  of  this  formation,  5,400  feet,  and  the  minor 
importance  of  the  stratigraphy  at  this  horizon,  it  has  not  been  deemed 
j^TlBable  to  measure  the  section  in  great  detail.    The  point  at  which 

m 
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these  beds  are  overlain  by  those  of  Wasatch  age  lies  east  of  the  limit 
of  this  survey. 

It  is  to  be  regretted  that  the  valley  of  Sage  Creek  meets  the  river 
at  a  point  near  the  base  of  this  formation,  for  this  fact,  together  with 
the  poor  exposures  throughout  the  upper  portion  of  the  Ilo  formation, 
prevents  detailed  examination  of  the  relations  of  the  two  formations. 

In  degree  of  consolidation  and  lithologic  character  the  beds  of  the 
Fort  Union  stand  in  contrast  to  those  of  the  underlying  Ilo  and 
Meeteetse  formations.  Though  they  include  many  zones  of  rela- 
tively unconsolidated  material,  the  beds  of  the  lower  portion  of  the 
Fort  Union  are  compact  and  resistant  and  in  the  region  south  of 
Shoshone  River  form  persistent  high  ridges.  Beds  of  conglomerate 
occur  at  several  horizons  and  are  interesting  as  indicating  the  con- 
ditions of  sedimentation  as  well  as  the  lithologic  types  present.  The 
lowest  group  of  conglomerates  contains  six  zones  from  5  to  20  feet 
thick  in  a  stratigraphic  distance  of  about  250  feet.  Each  of  these 
zones  is  composed  of  smaller  zones  or  beds  of  conglomerate,  which 
range  from  2  to  10  feet  in  thickness.  The  dip  section  is  well  exposed 
and  shows  the  single  beds  to  be  relatively  persistent  in.  the  direction 
of  the  dip — northeast — whereas  in  the  strike  section,  which  is  not  so 
well  shown,  the  separate  beds  are  not  persistent,  but  lenticular  and 
characteristically  anastomosing.  Though  definite  conclusions  can 
scarcely  be  based  on  this  single  exposure,  these  features  suggest  that 
the  pebbles  were  deposited  by  streams  flowing  from  the  west  or 
southwest  toward  the  east  or  northeast.  The  pebbles  are  mostly 
subangular  to  rounded.  The  largest  pebbles  are  indurated  fine  sand- 
stones about  6  inches  in  diameter.  Most  of  the  pebbles  are  gray  to 
black  chert,  from  half  an  inch  to  2  inches  in  diameter.  There  are  a 
few  pebbles  of  red  and  gray  quartzite;  limestone  pebbles  are  rare, 
and  pebbles  of  vein  quartz  and  igneous  rocks  are  conspicuously 
absent.  A  few  of  the  chert  pebbles  contain  fossils  which  can  be 
referred  broadly  to  the  Carboniferous,  but  from  the  same  zone  of 
conglomerates  within  10  miles  south  of  the  river  a  collection  of  chert 
pebbles  containing  no  less  than  1 1  species  has  been  made.  The  age 
of  these  fossils  ranges  from  Pennsylvanian  to  probably  Permian 
(Phosphoria  fauna),  and  it  is  evident  that  rocks  of  this  age  that  were 
being  eroded  were  the  source  of  a  part  of  the  Fort  Union  sediments. 
It  appears  highly  probable  that  the  pebbles  of  silicified  wood  were 
derived  from  the  Meeteetse  formation.  If  this  is  true  it  is  a  factor 
in  proving  that  local  unconformities  exist  between  the  Fort  Union 
formation  and  the  underlying  beds. 

The  higher  conglomerate  beds,  such  as  occur  in  the  60-foot  sand- 
stone near  the  middle  of  the  subjoined  section,  are  thinner  and  con- 
tain lithologic  types  not  found  lower  in  the  formation.  Quartzites 
are  more  abundant  than  chert,  and  there  are  fair  proportions  of 
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quartz  schist  and  pink  granite  pebbles  not  represented  in  the  lower 
beds.  At  one  place  a  well-rounded  pebble  of  coal  3  inches  long 
was  found. 

The  presence  of  red  clay  in  the  upper  part  of  the  Fort  Union  forma- 
.tion  and  the  small  amount  of  mica  throughout  the  formation  serve 
further  to  distinguish  these  beds  from  the  Ilo  and  Meeteetse  forma- 
tions. There  is  no  coal  'm.  the  Shoshone  River  section  of  the  Fort 
Union,  but  a  bed  is  mined  near  Meeteetse  at  a  horizon  which  cor- 
responds closely  with  that  of  the  lower  conglomerate  on  the  river. 

Section  of  Fort  Union  formation  on  Shoshone  River, 

Feet. 

Sandstone,  bufif,  massive 20 

Clay,  gray,  and  argillaceous  sand,  with  thin  zones  of  carbonaceous 

stale 185 

Shales,  maroon  and  gray,  sandy 150 

Clay,  red 8 

Clay,  gray •. 6 

Clay,  red 6 

Clay,  gray 6 

Clay,  red  (mouth  of  creek  from  south) 8 

Clay,  gray 8 

Sandstone,  buff,  massive 15 

Sand,  drab,  argillaceous^ 166 

Clay,  red 3 

Clay,  gray 1 

Clay,  red 2 

Sand,  gray,  argillaceous 40 

Sandstone ,  massive 8 

Sand,  gray  to  oliv3-gray,  with  conglomeratic  layers 50 

Sand,  argrillaceous 30 

Sandstone,  massive 40 

Sand,  argillaceous 30 

Sand,  buff  to  olive-gray,  argillaceous;  fossil  collection  4994 558 

Clay,  red 3 

Clay,  gray 8 

Clay,  red 3 

Sandstone,  massive 24 

Shale,  gray,  sandy 8 

Sandstone,  massive,  conglomeratic 16 

Sand,  argillaceous,  and  unconsolidated  clay,  with  thin  carbona- 
ceous shale;  fossil  collections  Woodruff  40,  Knowlton  16 1, 760 

Shales,  gray  and  olive-gray,  sandy,  and  sand  with  carbonaceous 

shale;  fossil  collection  4973. 440 

Sand,  argillaceous,  and  clay 680 

Sandstones,  gray  and  buff,  alternating  with  zones  of  unconsolidated 

sand 410 

Sandstones,  gray  and  buff,  containing  numerous  zones  of  conglom- 
erate in  the  lower  200  feet;  fossil  cohection  366  Willard 500 

Sandstone,  buff;  fossil  collection  365  V.'illard 400 

Mouth  of  Sage  Creek.  

5,592 
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The  following  collections  of  fossils  from  the  Fort  Union  fonnation 
were  made  by  l^^ard,  Woodru£P|  and  Knowlton  in  1907: 

366.  Willard: 

Populus  sp.  (7) 

FzBgments  of  dicotyledons. 
Comment  by  F.  H.  Knowlton:  ''Horizon  probably  Fort  Union." 
365.  Willard: 

Platanus  raynoldaii  Kewb. 

PlatanuB  haydenii  Kewb. 

PlatanuB  nobilia  (?)  Kewb. 
Gonmient  by  F.  H.  Knowlton:  "Horizon  Fort  Union." 
4973.  Woodruff: 

ViviparuB  tiochiformis  M.  and  H. 

GoniobafliB  tenuicarinata  M.  and  H. 
Comment  by  T.  W.  Stanton:  "Horizon  Fort  Union." 
16.  Knowlton: 

Taxodium  ocddentale  Kewb. 

Populufl  sp.  probably  P.  spedoea  Ward. 

Populus  arctica  Heer  of  Lesq. 

Hicoria  antiqnonim  (Kewb.)  Kn. 

Celastrinites  sp.  cf.  C.  grewiopsis  Ward. 

Juglans,  probably  new. 
Comment  by  F.  H.  Knowlton:  "Horizon  Fort  Union." 
40.  Woodruff: 

Sequoia  langsdorfii  (Bigt.)  Heer. 

Sapindus  grandifolius  Ward. 

Populus  glandulifera?  Heer. 

Carpites  sp.  (Palmocarpon?). 

Juglans  sp. 

Platanus  nobilis  (?)  Kewb. 
Comment  by  F.  H.  Knowlton:  "Horizon  Fort  Union." 
4W4.  Woodruff: 

Helix  sp. 

Physasp. 

Goniobasis  tenuicarinata  M.  and  H. 

Viviparus  trochiformis  M.  and  H. 
Comment  by  T.  W.  Stanton:  "Horizon  Fort  Union." 

CORRELATIONS  OF  THE  FORMATIONS. 

The  Sundance  formation  has  furnished  a  sufficient  number  of 
marine  fossils  to  permit  its  correlation  beyond  any  doubt  with  well- 
known  sections  throughout  eastern  and  northern  Wyoming  and 
southern  Montana. 

Though  the  presence  of  saurian  bones  appears  to  establish  the 
existence  of  the  Morrison  formation,  it  can  not  be  stated  with  assur- 
ance that  a  part  of  the  thickness  here  assigned  to  it  does  not  represent 
the  Kootenai  formation,  nor  that  the  beds  assigned  to  the  "Cloverly" 
in  this  section  are  not  also  a  part  of  the  same  formation. 

The  great  thickness  of  the  Colorado  formation,  3,670  feet,  com- 
pares with  measurements  of  2,775  feet  in  the  Electric  coal  field. 
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Mont./  and  3,700  feet  near  livingston,  Mont.,'  where  faunas  similar 
to  that  on  Shoshone  River  have  been  obtained.  In  comparing  the 
Shoshone  River  section  of  the  Colorado  with  those  in  eastern  Wyo- 
ming,' it  is  noted  that  though  there  is  a  lithologic  resemblance  the 
eastern  Wyoming  sections  contain  a  Niobrara  fauna  that  is  absent  in 
the  Bighorn  Basin.  In  southwestern  Wyoming  the  combined  Colo- 
rado and  Montana  sections  are  from  9,000  to  11,000  feet  thick  and 
are  capable  of  division  into  three  formations  relatively  distinct  litho- 
logically,  as  well  as  faunally,  much  resembling  the  three  members 
of  the  Colorado  recognized  on  Shoshone  River.  The  coal  near  the 
top  of  the  middle  member  would  therefore  occupy  a  stratigraphio 
position  similar  to  the  beds  of  the  Kemmerer  coal  group  in  the 
Frontier  formation*  in  Uinta  and  Lincoln  counties,  Wyo.  Only  two 
of  the  marine  fossils  of  the  upper  member  on  Shoshone  River  are 
present  in  the  southwestern  Wyoming  section.  The  Pierre  shale  of 
Fisher's  report  on  the  Bighorn  Basin  *  and  of  Darton's  report  on  the 
Bighorn  Mountains  *  is  the  upper  shale  member  of  the  Colorado 
formation. 

The  most  interesting  feature  of  the  Shoshone  River  section  is  the 
apparent  absence  of  marine  beds  above  the  sandstone  overlying  the 
lowest  coal  of  the  Gebo  formation.  No  fossils  have  been  found  at  thir 
horizon  on  Shoshone  River,  but  a  small  collection  was  obtained  from 
the  roof  of  Thompson's  coal  mine,  16  miles  south  of  Cody.  For  cop- 
relating  the  formations  above  this  horizon  with  those  of  near-by 
r^ons  dependence  must  be  placed  on  vertebrate  and  fresh-wat^ 
invertebrate  fossils  and  plant  remains,  and  it  is  to  be  r^retted  that 
good  collections  have  not  been  found  near  well-defined  and  persistent 
lithologic  units,  though  small  collections  have  been  obtained.  In  the 
absence  of  more  complete  collections,  it  is  at  least  possible  that  the 
Colorado  formation  should  include  the  lowest  two  sandstones  of  the 
Gebo  formation. 

The  marine  faunas  of  the  Eagle  and  Claggett  formations^  of  cen- 
tral Montana  have  not  been  found  south  of  the  Montana- Wyoming 
line,  though  Claggett  fossils  have  been  found  near  Bridger,  Mont. 
Commenting  on  collections  of  fossils  made  by  himself  and  others 
along  Shoshone  River  and  northward  into  Montana,  Stanton  writes:* 

1  Calvert,  W.  R.,  The  Electric  coal  field,  Park  Coanty,  Mont.:  U.  S.  Qeol.  Survey  BulL  471,  p.  418, 1912. 
s  Calvert,  W.  R.,  The  Ltvingstan  and  Trail  Creek  coal  fields,  Mont:  U.  S.  OeoL  Survey  BulL  471,  p.  S87, 
1912. 

*  Wegemazm,  C.  H.,  The  Salt  Creek  oil  field,  Natrona  County,  Wyo.:  U.  8.  OeoL  Survey  BulL  4S2,  p«46, 
1911. 

*  Veatch,  A.  C,  Geography  and  geology  of  a  portion  of  aonthwestem  Wjroming:  Ui  8.  OeoL  Sunr^y 
Prof.  Paper  66,  p.  116, 1907. 

6  Fisher,  C.  A.,  Geology  and  water  reeonroeB  of  th«  Bighorn  Basin,  Wyo.:  U.  S.  GeoL  Survey  Prof.  Pap« 
63,  p.  30, 1906. 

*  Darton,  N.  H.,  Geology  of  the  Bighorn  Mountains:  U.  S.  GeoL  Survey  Prof.  Paper  61,  p.  68, 1906. 

T  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  tbe  Judith  River  beds:  U.  S.  GeoL 
Survey  Bull.  257,  pp.  12, 13, 1906. 

*  Letter  accompanying  report  on  foafls  to  E.  O.  Woodruff,  Felmiary,  1906. 
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The  Eagle,  Claggett,  and  Bearpaw  formations  ought  all  to  have  marine  fiiunas,  but 
none  such  have  been  found  in  the  Shoshone  River  section.  Their  absence  indicates 
that  possibly  here  and  farther  south  in  Bighorn  Basin  land  conditions  may  have  begun 
earlier  than  elsewhere  and  may  have  continued  with  little  or  no  interruption  to  the 
end  of  the  Cretaceous.  Of  course,  it  is  recognized  that  there  was  more  or  less  break  in 
marine  conditions  during  the  deposition  of  the  Eagle,  even  where  that  formation  is 
mostly  marine.  This  is  indicated  by  the  occurrence  in  it  of  land  plants  and  verte- 
brates and  of  coal  beds. 

Further  study  appears  to  confirm  this  interpretation.  The  sand- 
stone formation  overlying  the  Colorado  shale  750  to  900  feet  thick 
in  the  Ldvingston  coal  field  ^  and  1,000  feet  thick  in  the  Electric 
coal  field '  is  imdoubtedly  the  equivalent  of  the  Qeho  formation. 

In  view  of  the  fact  that  the  rec(^nition  of  the  Meeteetse  and  Ilo 
formations  is  based  largely  on  data  collected  in  field  work  in  ihe 
Oregon  Basin,  Meeteetse,  and  Ho  quadrangles,  south  of  Shoshone 
River,  it  is  deemed  advisable  to  present  the  discussion  of  their  re- 
lations in  the  report  on  those  areas.' 

The  incomplete  section  of  the  Fort  Union  formation,  5,592  feet 
thick,  compares  with  a  measurement  of  8,500  feet  by  Woodru£f  in 
the  Red  Lodge  coal  field,^  though  there  is  no  indication  of  coal  beds 
in  the  Shoshone  River  section  similar  to  the  coal  beds  which  occur 
in  the  upper  portion  of  the  Red  Lodge  section.  Coal  beds  are  pres- 
ent near  tiie  base  of  the  Fort  Union,  however,  near  Meeteetse  and  Ilo, 
Wyo.,  a  fact  which,  taken  with  other  lithologic  features,  is  proof  of 
the  great  differences  in  the  conditions  of  deposition  existing  in 
adjacent  r^ons  at  the  same  relative  epoch. 

STBTJCTT7BE. 

The  structure  of  the  northern  portion  of  the  Bighorn  Basin  has  been 
described  by  Eldridge*  and  Fisher*  and  has  been  illustrated  by 
cross  sections  and  a  structural  contour  map.  Rattlesnake  and 
Cedar  moimtaios,  lying  3  miles  west  of  the  limits  of  the  present  sur- 
vey, are  portions  of  a  broad  asymmetric  anticline  through  which 
Shoshone  River  has  cut  a  deep  narrow  gorge.  The  section  presented 
on  Plate  V  shows  two  minor  anticlines  on  the  east  flank  of  this  major 
structural  feature.  On  the  west  side  of  Rattlesnake  Moimtain  the 
MadiBon  limestone  dips  55°  SW.,  whereas  on  the  east  at  the  same  level 
this  formation  dips  16°  NE.    From  this  point  eastward  to  the  out- 

1  CalTort,  W.  R.,  The  LiylD0rton  and  Trail  Creek  ooal  fields,  Koot.:  U.  S.  GeoL  Survey  BulL  471, 
p.  387, 1912. 

*  Calvert,  W.  R.,  The  Electric  ooal  field.  Park  Coonty,  Mont:  U.  S.  Oeol.  Survey  Bull.  471,  p.  410, 19UL 

*  Hewett,  D.  F.,  Geology  and  ooal  reeouroee  of  the  Oregon  Basin  and  Meeteetse  quadrangles,  Wyo.:  U.  S. 
Oeol.  Survey  Bull.  —  (hi  preparation). 

« Woodruff,  E.  O.,  The  Red  Lodge  coal  field,  Mont:  U.  8.  Oeol.  Survey  Bull.  341,  p.  94, 1909. 
6  Eldridge,  Q.  H.,  A  geological  reconnatssanoe  in  northwest  Wyoming:  U.  8.  Oeol.  Survey  Bull.  119, 
72  pp.,  1894. 

*  Fisher,  C.  A.,  Geology  and  water  reeouroes  of  the  Bighorn  Basin,  Wyo.:  U.  8.  Oeol.  Survey  Prot 
Paper  53,  p.  80, 1900. 
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crop  of  the  middle  member  of  the  Colorado  the  dip  varies  from  16^ 
to  17^,  and  then  decreases  imtil  the  axis  of  the  syncline  opposite  the 
town  of  Cody  is  reached.  Proceeding  eastward,  surface  observations 
being  made  on  beds  of  the  upper  shale  of  the  Colorado,  the  strata 
rise  over  a  low  anticline  and  again  descend  at  22^  to  a  second  syn- 
clinal axis.  There  is  then  a  broad  belt  within  which  exposures  are 
poor.  The  first  good  exposures  are  in  upper  shale  of  the  Colorado, 
dipping  62°  SW.,  and  a  short  distance  east  the  axis  of  a  narrow  anti- 
cline is  crossed.  From  this  point  northeast  to  the  mouth  of  Sage 
Creek  the  dip  varies  from  42°  to  68°,  and  then  after  remaining  rela- 
tively uniform  at  37°  for  IJ  miles  decreases  abruptly  to  3°,  an  in- 
clination which  is  maintained  beyond  the  limits  of  the  survey. 

The  areal  extent  of  the  anticlines  exposed  along  Shoshone  River 
has  not  been  determined.  Together  with  the  Rattlesnake-Cedar 
Mountain  anticline  they  form  a  portion  of  a  belt  of  folded  rocks 
which  extends  aroimd  the  entire  border  of  the  basin.  Throughout 
this  belt  the  anticlines  are  from  8  to  15  miles  long  and  from  3  to  6 
miles  wide  and  therefore  may  be  regarded  as  elongated  domes.  Their 
axes,  though  essentially  parallel,  are  successively  offset  and  an  anti- 
clinal axis  is  commonly  succeeded  along  the  strike  by  a  synclinal  axis. 
As  far  as  this  examination  has  been  carried  the  broad  western  anticline, 
which  may  be  referred  to  as  the  Cody  anticline,  appears  to  be  a  minor 
structural  feature,  whereas  the  eastern  or  Shoshone  anticline  is  a 
more  extensive  fold  probably  5  or  6  miles  long,  and  Shoshone  River 
exposes  a  section  across  the  extreme  south  end.  The  highest  point 
of  the  fold  probably  lies  several  miles  north  of  the  river. 

OIIi  AND   OAS. 
WELL  OF  THE  SHOSHONE  OIL  CO. 

One  of  the  objects  of  the  detailed  measurement  of  the  Shoshone 
River  section  was  to  ascertain  the  position  and  character  of  the  sands 
from  which  oil  and  gas  have  been  derived  in  the  well  of  the  Shoshone 
Oil  Co.,  situated  1,700  feet  north  of  the  river,  3  miles  east  of  Cody. 
This  well  is  located  approximately  on  the  axis  of  the  Shoshone  anti- 
cline witlun  3  miles  of  its  southern  limit,  at  the  point  B  on  Plate  V. 
Information  concerning  this  well  has  been  placed  at  the  writer's  dis- 
posal by  Mr.  C.  L.  Sheedy,  at  present  in  charge  of  operations  for  the 
company.  A  detailed  record  of  the  well  was  not  kept  during  drilling 
operations  and  the  following  log  represents  notations  made  by  one  of 
the  employees: 
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Log  of  Shoshone  OH  Co.*s  well  No,  1, 

Feet. 

Teirace  bowldere 20 

Muddy  smicLb 10 

Shales,  little  water 90 

Mud,  trace  of  oil 50 

Slate 50 

White  sand,  trace  of  oil 3 

Dark  shaly  sands 77 

Shaly  sands  and  slate 60 

Slate 225 

Dark  sandstone,  No.  1  oil  sand,  trace  of  gas 10 

light  sandstone 5 

Slates  with  some  thin  sandstones 260 

Dense  sandy  shales  yielded  a  little  oil 5 

Slates 163 

Sandstone,  No.  2  oil  sand;  good  gas  flow  at  1,262  feet 234 

1,262 

This  well  was  dry  except  for  the  small  flows  encountered  above  300 
feet.  Drilling  began  November,  1909,  and  with  relatively  little 
interruption  continued  to  1,000  feet.  It  started  again  March,  1911, 
and  was  carried  to  a  depth  of  1,286  feet  by  June,  1911.  A  standard 
rig  was  used.  Much  trouble  was  experienced  from  the  caving  of  the 
shales  and  swelling  of  bentonite,  and  the  well  was  finally  cased  with 
10-inch  casing  to  260  feet,  8-inch  from  260  to  410  feet,  and  6}-inch 
from  410  to  1,028  feet.  During  the  winter  of  1911-12  this  well  was 
drilled  to  a  depth  of  1,700  feet,  where  a  second  gas  sand  was  encoun- 
tered, which  corresponds  closely  with  the  50-foot  sandstone  in  the 
section  of  the  Morrison  formation  on  page  95.  No  attempt  was 
ever  made  to  pimip  from  any  of  the  oil  sands.  No  record  of  produc- 
tion has  been  kept;  it  probably  did  not  exceed  200  barrels.  All  the 
oil  produced  was  stored  and  sold  locally  for  lubricating. 

OIL  SANDS. 

By  comparison  of  the  log  of  the  well  with  the  stratigraphic  section 
of  the  lower  two  members  of  the  Colorado,  the  "Qoverly"  and  the 
Morrison  formations,  exposed  along  the  river  and  presented  herewith, 
it  has  been  possible  to  ascertain  the  beds  which  have  yielded  oil  and 
gas.  The  top  of  the  well  approximately  coincides  with  the  top  of 
bed  16  of  the  section  of  the  middle  member  of  the  Colorado  on  page  98. 
If  this  basis  is  assimied  for  correlation,  the  first  traces  of  oil,  from 
120  to  170  feet,  appear  to  have  come  from  one  or  more  of  beds  22, 
23,  and  24,  but  the  exact  sand  can  not  be  identified.  The  sand  at 
220  feet  which  yielded  a  trace  of  oil  is  probably  a  portion  of  the 
conglomeratic  sandstone  No.  26.  The  first  sand  which  yielded 
more  than  a  trace  of  oil,  at  685  feet  (see  analysis  No.  1  below),  cor- 
responds with  bed  8  of  the  section  of  the  lower  member  of  the  Colo- 
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rado  on  page  97;  this  bed,  though  reported  to  be  but  16  feet  thick  in 
the  well,  is  80  feet  thick  on  the  river.  The  shale  bed  which  yielded 
a  little  oil  at  860  feet  lies  in  the  bentonite>bearing  shale,  but  can  not 
be  identified.  The  sandstone  at  1,028  feet,  from  which  of  the  total 
yield  of  this  well  to  date  the  greatest  amount  of  oil  was  derived,  cor- 
responds closely  to  bed  12  of  the  section  of  the  lower  member  of  the 
Colorado.  The  analysis  of  oil  from  this  sand  is  given  under  No.  2 
in  the  table.  This  sandstone  lies  between  thick  beds  of  carbonaceous 
shale  and  is  that  in  which  saurian  bones,  crocodile  teeth,  and  a  turtle 
were  foxmd.  It  xmderlies  the  shale  bearing  nimierous  fish  scales  and 
vertebrae  which  is  probably  the  equivalent  of  the  Mowry  shale  member 
of  eastern  Wyoming.  Hie  sandstone  at  the  bottom  of  the  hole, 
1,285  feet,  which  yielded  a  good  flow  of  gas,  is  the  upper  sandstone 
of  the  "Ooverly"  formation.  The  oil  from  two  of  the  oil  sands,  at 
586  and  1,028  feet,  rose  in  the  well  and  flowed  when  the  sands  were 
struck,  but  soon  ceased,  and  the  sands  were  later  cased  off  in  order 
to  drill  deeper. 

To  summarize,  it  is  interestiog  to  note  that  though  oil  has  been 
derived  from  several  sandstones  in  the  lower  portion  of  the  Colorado 
formation,  the  sandstone  which  has  yielded  the  greatest  flow  in  this 
well  is  in  or  near  the  position  of  the  Mowry  shale  member,  depend- 
ing on  the  limits  assigned  to  it  in  this  section.  The  sandstones 
of  the  lower  portion  of  the  Colorado  formation  yield  oil  in  the  Gar- 
land,^ Spring  Valley,'  Labarge,*  Lander,*  and  Salt  Creek*  fields  in 
Wyoming  where  structural  and  other  conditions  are  favorable.  In 
the  first  three  of  these  fields  the  sandstones  are  in  or  near  the  position 
of  the  Mowry  shale  member.  In  the  Shoshone  anticline  the  oil  has 
been  foxmd  along  the  axis,  and,  though  it  can  not  be  stated  that  pools 
do  not  occur  at  points  on  the  flanks,  it  appears  that  structural  con- 
ditions have  been  predominant  in  determining  the  location  of  the  oil. 

Prior  to  the  drilling  of  the  well  of  the  Shoshone  Oil  Co.,  another 
operator  drilled  a  well  to  a  depth  of  860  feet  near  Shoshone  River 
(No.  2  on  PL  V).  The  log  of  this  well  could  not  be  obtained.  It 
was  cased  but  never  capped,  and  oil,  water,  and  gas  now  issue  in 
small  amounts  from  the  mouth. 

1  Waahbume,  C.  W.,  Qaa  flelda  of  tb6  Bigfaom  Basbi,  Wyo.:  U.  8.  Oeol.  Survey  Bull.  340,  xk  855, 1906. 

*  Veatch,  A.  C,  Coal  and  oil  in  aonthem  Uinta  Coun^,  Wyo.:  U.  8.  Oeol.  Borvey  Bull.  285,  p.  349, 1906. 

*  Schults,  A.  R.,  The  Labarge  oil  field,  central  Uinta  Goun^,  Wyo.:  U.  8.  Oeol.  Survey  Bull.  340,  p.  369, 
1908. 

« Woodruff,  E.  0.,  »The  Lander  oil  field,  Fremont  Coanty,  Wyo.:  U.  8.  Oeol.  Survey  Bull.  452,  p.  27, 
1911. 

*  Wegeznann^  C.  H.,  The  Salt  Creek  oil  field,  Natrona  County,  Wyo.:  U.  8.  Oeol.  Survey  BulL462,p.  71, 
1911. 
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^SE  OIL. 


Analyses  of  two  samples  of  oil  from  the  wells  of  the  Shoshone  Oil 
Co.  are  given  below.  These  analyses  were  made  in  the  laboratory  of 
the  United  States  Geological  Survey,  under  the  direction  of  David  T. 

Day. 

Analyses  of  samples  of  oil  from  weUs  of  Shoshone  Oil  Co. 


Color 

Specific  gravity 

cfiSvi^ 'B 

BeelDs  to  boil  at "C 

Boiling  between  150**  and  800**  C percent 

Spedflc  gravity  of  above  fraction 

Kesidae percent 

Spedflo  gravity  of  residue 

Total percent 

Paraffin do.. 

Water 


Dark  green. 
0.8464 

Qreen. 

0.8335 

86.60 

37.06 

190 

160 

87 

48 

0.8109 

0.8000 

69.6 

52.4 

0.9278 

0.8696 

96.6 

100.4 

7.6 

8 

Present. 

0 

1.  586  feet;  middle  sandstone  member  of  Colorado  formation. 

2.  1,028  feet;  lower  shale  member  of  Colorado  formation. 

Neither  of  these  samples  represents  the  oil  as  it  came  from  the 
well.  Sample  1  had  been  kept  for  some  time  in  an  open  can  and 
later  in  a  bottle.  Sample  2  was  taken  from  an  open  tank.  Neither 
of  these  oils  is  well  adapted  for  lubricating  in  the.  raw  state  but  would 
on  distillation,  as  shown  by  the  fraction  distilling  between  150°  and 
300°  C;  yield  a  good  proportion  of  illimiinating  oil  and  a  residue 
well  adapted  for  lubrication.  Sample  2  resembles  the  oil  derived 
from  the  Wall  Creek  sandstone  lentil  of  the  Benton  shale  Gower  Colo- 
rado) in  the  Salt  Creek  field/  and  the  oil  from  a  sandstone  in  the 
Mowry  shale  member  of  the  Mancos  shale  Gower  Colorado)  at  the 
Plunkett  well  in  the  Lander  field.'  Oils  of  similar  character,  thought 
to  have  come  from  a  sandstone  in  the  Benton  shale  or  ''Qoverly" 
formation,  have  been  found  in  wells  in  the  Douglas  oil  field  in  central 
Wyoming  (pp.  68-88).  It  is  worthy  of  note  that  samples  of  oils  from 
approximately  the  same  geologic  horizon  in  four  fields  in  Wyoming 
should  be  of  similar  character. 

>  Wegemann,  C.  H.,  The  Salt  Creek  oil  field,  Wyo.:  U.  8.  QeoL  Sorvey  Bull.  452,  p.  80, 1911. 
s  Woodmfr,  E.  O.,  The  Lander  oil  field,  Wyo.:  U.  8.  OeoL  Sisrey  Boll.  462,  i>.  29, 1911. 
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OIL  AND  GAS  NEAR  GREEN  RIVER,  GRAND  COUNTY,  UTAH. 


By  Chables  T.  Lupton. 


INTRODUCTION. 
FIELD  WOBK. 

This  paper  is  based  on  field  work  done  in  November  and  December, 
1912,  by  M.  W.  BaJl,  R.  V.  A.  Mills,  and  the  writer.  The  area 
discussed  contains  about  300  square  miles  and  lies  just  southeast  of 
the  town  of  Green  River,  in  Grand  Coimty,  Utah.  It  is  included  in 
Tps.  21,  22,  23,  and  24  S.,  Rs.  16,  17,  18,  19,  and  20  E.,  Salt  Lake 
meridian.  (See  fig.  4.)  PracticaJly  all  the  drilling  in  this  area  has 
been  done  along  and  adjacent  to  the  fault  zone  that  crosses  the  field 
in  a  northwest-southeast  direction. 

The  object  of  the  examination  was  to  determine  if  this  area,  in 
which  considerable  drilling  for  oil  and  gas  had  been  done  and  in 
which  some  development  work  is  still  going  on,  contains  any  reser- 
voirs of  oil  or  gas.  The  result  of  the  investigation  shows  that  in  the 
area  examined  in  detail  there  are  no  anticlines  or  domes  in  which 
large  quantities  of  oil  or  gas  might  be  expected  to  collect.  It  is  true 
that  traces  of  oil  and  small  pockets  of  gas  have  been  encountered  in 
some  of  the  wells  but  only  in  sufficient  quantities  to  afford  slight 
encouragement. 

The  greater  part  of  the  area  examined  in  detail  (see  PI.  VT,  p.  132) 
was  mapped  by  means  of  plane  table  and  telescopic  alidade,  a  system  of 
triangulation  having  been  developed  from  a  base  line  (A-B)  measured 
in  sees.  26  and  27,  T.  22  S.,  R.  17  E.  Practically  all  of  the  more 
nearly  level  part  of  the  field  situated  east  of  the  range  line  separating 
Rs.  17  and  18  E.  and  lying  north  and  northeast  of  the  road  connecting 
Green  River  with  Brink  Spring  was  mapped  by  following  section  lines 
and  recording  observations  on  the  plats. 

A  flying  level  line  was  run  from  Green  River  along  the  Green  River- 
Moab  road  to  the  top  of  the  divide  in  sec.  3,  T.  23  S.,  R.  18  E.,  sepa- 
rating the  drainage  system  of  Salt  Wash  from  that  of  Tenmile  Wash, 
and  another  from  this  road  in  sec.  25,  T.  22  S.,  R.  17  E.,  to  Levi  well 
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No.  2,  in  the  NE.  }  NW.  i  eec.  36  of  the  same  township.  During  the 
development  of  the  triangulation  system  the  altitudes  of  practically 
all  points  occupied  and  many  others  were  determined  by  means  of 
vertical  angles  and  distances  between  points.  The  figures  given  on 
the  map  are  not  precise  but  are  intended  to  show  relative  instead  of 
exact  altitudes.    It  is  believed,  however,  that  the  altitudes  shown 


Fiama  4.— Indax  mip  ol  ITUh,  ibowlng  looatlui  of : 


are  within  a  very  few  feet  of  the  exact  elevations  above  sea.  In  the 
greater  part  of  the  area  mapped  by  line  riding,  altitudes  were  ascer- 
tuned  approximately  by  means  of  the  aneroid  barometer. 

In  addition  to  the  detuled  work  above  deficribed,  a  reconnaissance 
was  made  from  Green  River  to  Hanksville  across  the  Oreen  River 
Desert.    No  detailed  mapping  was  done  on  this  trip,  but  the  stratig- 
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raphj  and  structure  were  studied  in  a  general  way.  A  brief  discus- 
sion of  the  observations  made  at  that  time,  with  their  bearing  on  the 
possible  presence  of  reservoirs  for  oil  or  gas,  is  given  under  '^Conclu- 
sions." 

The  writer  desires  to  acknowledge  the  courtesy  of  the  managers  of 
the  British-American  Petroleum  Co.,  who  gave  the  geologic  party 
every  means  of  assistance  at  their  command.  Messrs.  Frank  Cook, 
William  Dixon,  Nat  Levi,  H.  H.  McFann,  George  MuUer,  Charles  P. 
Tasker,  and  Robert  WoodruflF,  of  Green  River;  W.  G.  Clark,  Enox 
Patterson,  A.  M.  Rogers,  of  Moab,  and  others  gave  information  which 
has  made  the  historical  part  of  this  report  possible.  Millard  and 
Arthur  Massey  rendered  valuable  service  as  camp  assistants. 

HISTORY  OF  DEVELOFMBNT  OF  ^SE  FIELD. 

Prospecting  for  oil  in  this  general  region  has  been  carried  on  at 
intervids  for  over  20  years.  The  presence  of  asphaltum-saturated 
sandstone  and  petroleum  seeps  at  various  places  in  and  adjacent  to 
the  field  suggested  to  the  minds  of  the  more  optimistic  prospectors 
the  existence  of  an  oil  reservoir  of  commercial  importance. 

A  well  situated  a  short  distance  south  of  Elgin,  in  Grand  County, 
in  the  SW.  J  SE.  J  sec.  16,  T.  21  S.,  R.  16  E.,  was  drilled  about 
1891  by  Bamberger  &  Millis  with  an  American  or  Parker  rig.  The 
upper  100  feet  of  this  well  is  in  the  Mancos  shale  and  the  remainder 
in  the  Dakota  sandstone  and  McElmo  formation.  No  oil  was  en- 
countered in  the  drilling,  but  a  little  carbonic  acid  gas  escaped  at 
one  or  more  horizons  in  the  well.  A  little  water,  which  probably 
contains  some  lime,  issues  from  the  well  and  has  built  up  a  small 
deposit  around  its  mouth.  As  this  well  furnished  no  encourage- 
ment for  further  prospecting,  no  additional  efforts  to  discover  oil  or 
gas  in  this  locality  were  made  for  10  years. 

About  1900  the  increasing  demand  for  petroleum  and  its  products 
and  the  discovery  of  other  seeps  of  asphalt  or  oil  in  the  region  encour- 
aged prospectors  again  to  test  the  field.  In  sec.  5,  T.  22  S.,  R.  15 
E.,  in  Emery  County,  just  west  of  the  road  connecting  the  Tomlin- 
son  ranch,  on  San  Rafael  River,  with  Green  River,  the  Califomia- 
Utah  Oil  Co.  in  1899  drilled  a  well  by  means  of  a  72-foot  standard  rig 
to  a  depth  of  1,600  feet.  The  upper  800  feet  of  the  hole  is  in  the 
Mancos  shale  and  the  remainder  in  the  Dakota  sandstone  and  the 
McElmo  formation.  At  a  depth  of  500  feet,  probably  near  the  base 
of  the  Ferron  sandstone  member,  water  was  encountered.  Gas, 
which  when  ignited  blazed  30  feet  up  in  the  derrick,  was  struck  at  a 
depth  of  1,100  feet.  A  trace  of  oil  was  noted  at  the  same  depth  by 
the  "rainbow''  colors  on  the  surface  of  the  water,  which  was  very 
alkaline.    At  1,600  feet  a  sand  was  encountered  which,  by  the  "paper 
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test,"  ^  showed  a  trace  of  oil.     The  showing  was  so  poor,  however, 
that  drilling  was  discontinued. 

In  1899  and  1900  a  well  was  drilled  by  P.  D.  Jones,  of  Duluth, 
Minn.,  to  a  depth  of  1,800  feet,  in  sec.  13,  T.  22  S.,  R.  22  E.,  at  a 
place  about  2  miles  south  of  White  House,  a  flag  station  on  the 
Denver  &  Rio  Grande  Railroad.  Work  at  this  locality  extended 
over  a  period  of  IJ^  years,  owing  to  the  fact  that  three  strings  of  tools 
were  lost.  Two  of  these  are  in  one  hole  and  the  other  in  another 
hole  20  feet  away.  The  upper  800  feet  of  the  latter  well  is  in  the 
Mancos  shale  and  the  lower  1,000  feet  in  the  Dakota  sandstone  and 
McElmo  formation.  No  trace  of  oil  or  gas,  but  much  bad  water,  was 
encountered.  At  1,600  feet  water  carrying  copper  in  solution  is 
reported  to  have  been  struck. 

Another  well  was  drilled  in  1899  in  sec.  15  or  sec.  16,  T.  20  S., 
R.  14  E.,  about  3^  miles  southwest  of  Desert,  a  flag  station  on  the 
Denver  &  Rio  Grande  Railroad  about  13  miles  northwest  of  Green 
River.  The  well,  it  is  reported,  was  drilled  by  a  man  named  Bums, 
with  a  standard  rig,  to  a  depth  of  1,490  feet.  At  1,100  feet  a  ^'show- 
ing" of  oil  was  encountered  and  it  is  reported  that  about  1  gallon  of 
oil  was  taken  from  the  receiving  tank.  Excellent  artesian  water, 
which  flowed  over  the  top  of  the  casing,  was  struck  at  1,200  feet. 
The  water  was  cased  off  at  1,290  feet,  but  50  feet  deeper  another  flow 
was  encountered.  So  much  water  was  present  in  the  well  at  1,490  feet 
that  drilling  was  discontinued.  At  the  present  time  a  strong  flow  of 
artesian  water  issues  from  the  well.  It  is  estimated  that  the  upper 
1,100  feet  of  this  well  is  in  the  Mancos  shale  and  the  lower  390  feet  in 
the  Dakota  sandstone  and  McElmo  formation. 

About  1910,  owing  to  the  finding  of  hitherto  unknown  oil  seeps  and 
rocks  saturated  with  asphaltum  and  oil  at  several  localities,  and  also 
to  the  increased  price  of  petroleum  and  its  products,  interest  was  again 
aroused  in  this  field  and  active  prospecting  has  continued  to  the 
present  time.  During  the  last  three  years  several  weUs  have  been 
drilled  and  at  present  drilling  operations  are  being  continued  at  three 
localities. 

Levi  well  No.  1,  drilled  with  a  Keystone  rig  No.  5,  by  the  British- 
American  Petroleum  Co.,  is  in  sec.  25,  T.  23  S.,  R.  18  E.  Drilling  was 
begun  April  1,  1912,  and  was  discontinued  about  July  1  of  the  same 
year  at  a  depth  of  530  feet.  A  fairly  strong  flow  of  water  was  struck 
at  350  feet  and  a  little  gas  with  a  small  quantity  of  oil  is  reported  to 
have  been  encountered  near  the  bottom  of  the  hole.  This  well  is 
wholly  in  the  McElmo  formation.  Levi  well  No.  2,  in  the  NE.  {  NW.  { 
sec.  35,  T.  22  S.,  R.  17  E.,  was  drilled  with  a  standard  rig  by  the 

1  The  ''imper  test"  is  applied  by  patting  dry  sand  on  paper  and  allowing  it  to  remain  there  for  some 
time.   If  the  sand  contains  even  a  slight  amoont  of  oil  the  paper  will  be  stained. 
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same  company  to  a  depth  of  1,500  feet.  No  oil  or  gas  is  reported  to 
have  been  encoimtered  in  this  hole,  which  is  now  clogged  owing  to 
the  "shooting''  of  the  well  in  an  attempt  to  loosen  the  casing,  which 
could  not  be  pulled.  The  same  company,  using  a  Keystone  rig, 
drilled  a  hole  in  the  SE.  {  SE.  {  sec.  26  of  this  township,  to  a  depth  of 
425  feet,  in  an  attempt  to  reach  a  thin  sandstone  which,  on  the  face  of 
a'diff  1,700  feet  southwest  of  the  well,  is  partly  saturated  with  petro- 
leum. The  horizon  of  this  sandstone  should  have  been  encountered 
at  a  depth  of  140  feet,  but  as  no  petroleimi-saturated  sandstone  was 
struck  at  on  near  this  depth,  it  is  believed  that  the  bed  is  lenticular 
under  cover,  as  it  certainly  is  along  the  outcrop. 

The  Klondike  weU,  drilled  by  the  Moab  Oil  Co.  of  Utah  to  a  depth 
of  about  700  feet  by  means  of  a  Keystone  rig,  is  located  in  the  NW.  J 
SW.  i  sec.  26;  T.  23  S.,  R.  19  E.  Three  pockets  of  gas  were  struck 
in  the  well  but  no  water  nor  oil.  The  first  pocket  was  encountered  at 
a  depth  of  75  feet  and  furnished  sufficient  gas  to  light  the  cook  tent 
and  for  cooking  purposes  until  it  was  cased  off.  The  gas,  escaping 
through  a  |-inch  pipe,  burned  with  a  flame  IJ^  to  2  feet  long.  The 
second  flow  of  gas,  much  stronger  than  the  first,  was  struck  at  265 
feet  and  lasted  undiminished  imtil  it  was  cased  off.  The  third  flow, 
which  was  the  weakest  of  the  three,  was  encountered  500  feet  below 
the  surface  and  lasted  about  three  weeks,  when  it  was  cased  off.  It 
is  believed  that  the  entire  well  is  in  the  Mancos  shale  and  that  the 
underlying  Dakota  sandstone  was  not  penetrated.  If  it  had  been 
reached  a  flow  of  water  would  probably  have  been  encountered. 

The  Queen  or  Hagan  well,  in  the  SE.  i  SE.  i  sec.  18,  T.  23  S., 
R.  19  E.,  was  drilled  by  means  of  a  Keystone  rig  to  a  depth  of  920  feet. 
The  upper  410  feet  of  this  weU  is  believed  to  be  in  the  Mancos  shale, 
the  remainder  being  in  the  Dakota  sandstone  and  McElmo  formation. 
At  a  depth  of  425  feet  fresh  water  was  found  in  a  white  sand  (probably 
Dakota),  and  at  600  feet  salt  water  was  encountered.  Salt  water  was 
again  encountered  at  870  feet  and  a  '/showing"  of  oil  at  910  feet. 
Drilling  was  discontinued  at  920  feet,  the  casing  pulled,  and  the  well 
abandoned. 

The  Collins  weU,  in  the  NW.  i  NE.  i  sec.  20,  T.  21  S.,  R.  17  E.,  was 
drilled  by  the  Crescent  CHI  Co.  with  a  National  rig  to  a  depth  of  2,100 
feet.  Drilling  began  September  12, 1912,  and  was  discontinued  about 
March,  1913,  on  account  of  a  strong  flow  of  salt  water  that  issued  from 
the  top  of  the  well  and  could  not  be  cased  off  without  considerable 
difficulty.  The  well  penetrated  850  feet  of  Mancos  shale  and  then 
passed  through  the  Dakota  sandstone  and  McElmo  formation  and 
100  to  150  feet  into  the  La  Plata  sandstone,  which,  being  coarse 
grained,  is  an  exceUent  carrier  of  water.  Gas  was  obtained  in  white 
sand  (probably  Dakota)  at  850  feet  and  again  in  similar  material  at 
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976  feet.  Gas  associated  with  salt  water  was  encountered  at  1;840 
feet  and  dry  gas  at  1,980  feet.  Rainbow  colors  on  the  water  accom- 
panied each  flow  of  gas.  The  same  company  is  reported  to  have 
moved  its  rig  about  1^  miles  southeast  and  has  begun  another  well 
near  Solitude,  approximately  in  the  NE.  {  NE.  i  sec  28  of  the  same 
township.  It  is  reported  that  at  70  feet  in  this  well  a  good  flow  of 
water  was  encoimtered  and  that  at  350  feet  a  pocket  of  gas  was  struck 
which  burned  for  a  short  time  a  flame  8  to  10  feet  in  length. 

Oil  seeps  and  rocks  saturated  with  oil  and  asphaltum  are  present 
at  several  localities  in  the  region.  Three  of  these  were  visited  by  the 
writer  and  are  described  briefly  below.  The  most  prominent  seep 
known  to  the  writer  in  the  area  mapped  in  detail  is  near  the  nortji 
boimdary  of  the  NE.  i  sec.  2,  T.  22  S.,  R.  16  E.,  and  is  known  locally 
as '  'Goin's  seep."  It  is  situated  in  a  narrow  zone  of  rocks  which  have 
been  disturbed  by  a  fault  whose  displacement  at  this  locality  is  about 
450  feet,  with  downthrow  on  the  south  side.  Several  prospect 
pits  for  collecting  the  oil  have  been  dug  where  the  rocks  seem  to 
be  most  nearly  saturated,  but  at  the  time  the  writer  was  in  the  field 
there  was  not  sufficient  oil  in  any  of  the  pits  to  enable  him  to  collect 
a  sample,  though  the  presence  of  films  of  oil  on  the  surface  of  the  water 
in  one  or  two  of  the  pits,  as  indicated  by  the  rainbow  colors  was  noted. 
Sandstone  partly  saturated  with  petroleum  outcrops  on  a  southwest- 
ward-facing  diff  in  the  NE.  {  sec.  35,  T.  22  S.,  R.  17  E.  This  is  the 
lenticular  sandstone  that  the  British-American  Petroleum  Co.  at- 
tempted to  reach  by  means  of  the  425-foot  hole.  A  smaQ  lentil  of 
sandstone  in  the  SW.  i  NW.  i  sec.  35,  T.  22  S.,  R.  16  E.,  is  partly 
saturated  with  petroleum. 

Two  wells  are  now  being  drilled  on  the  west  side  of  Green  River 
outside  of  the  area  examined  in  detail.  One  of  these,  located  near 
the  center  of  sec.  29,  T.  26  S.,  R.  14  E.,  just  southwest  of  "Flattops," 
is  being  drilled  by  the  Des  Moines  OH  Co.  At  present  the  drill  has 
penetrated  to  a  depth  of  2,140  feet,  the  upper  600  feet  of  which  is  in 
the  McElmo  formation,  the  part  from  600  to  1,325  feet  in  the  La 
Plata  sandstone,  and  the  part  below  1,325  feet  probably  all  in  what 
has  been  referred  to  by  Gilbert  ^  in  the  Henry  Mountain  section  as 
the  Vermilion  Cliff  group.  At  a  depth  of  about  310  feet  a  strong 
flow  of  good  water  was  encoimtered  which  has  reduced  the  expense 
of  drilling  considerably,  as  previous  to  this  time  water  for  all  pur- 
poses had  to  be  hauled  about  10  miles.  About  150  feet  lower  another 
good  flow  of  water  was  struck;  in  fact,  from  about  310  feet  down 
fresh  water  was  encountered  at  several  horizons.  This  locality  was 
visited  on  a  reconnaissance  trip  in  November,  1912.     From  observa- 

1  Gilbert,  0.  K.,  Geology  of  the  Henry  Moantalns:  U.  8.  Geog.  and  Geol.  Sorvey  Rooky  Mtn.  Region, 
pp.  d-7, 1877. 
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tions  made  at  that  time  it  seems  probable  that  the  well  is  situated 
just  north  of  the  axis  of  a  broad,  nearly  flat  east-west  anticline  which 
connects  the  San  Rafael  Swell  on  the  west  with  another  reported  anti- 
cline occupying  a  position  near  the  jimction  of  Grand  and  Green 
rivers. 

About  10  or  12  miles  southwest  of  the  Des  Moines  Oil  Co.'s  well, 
above  discussed,  in  the  NE.  i  sec.  9,  T.  27  S.,  R.  12  E.,  another  well 
is  being  drilled  by  the  Mount  Vernon  Oil  Co.  This  locality  was  not 
visited  by  the  writer,  as  development  work  had  not  begun  at  the 
dose  of  tibe  field  season.  It  is  reported  that  at  first  a  600-foot  hole 
was  drilled  for  water  and  that  another  a  few  feet  distant  is  now  being 
drilled  for  oil.  The  drill  penetrated  to  a  depth  of  820  feet  in  the 
early  part  of  Jirne.  An  84-foot  standard  rig  is  used  by  this  company 
and  undoubtedly  a  thorough  test  for  oil  and  gas  will  be  made. 

TOPOOB  AFH'Y . 

The  country  in  the  vicinity  of  Green  River,  shown  in  Plate  VI 
(p.  132),  lies  at  the  base  and  south  of  the  Book  Cliffs,  which  form  a  con- 
tinuous precipitous  escarpment  1,500  to  2,000  feet  high,  extending 
from  western  Colorado  as  far  west  as  the  Wasatch  Plateau.  Part 
of  the  region  in  Utah  lying  south  of  this  escarpment  and  east  of  the 
San  Rafael  Swell  constitutes  the  Green  River  Desert,  of  which  the 
area  under  discussion  forms  a  part.  There  are  excellent  exposures 
of  the  strata  in  this  region,  for  the  wind  and  water  remove  the  rock  as 
rapidly  as  it  is  disintegrated.  Except  in  a  very  few  places  the  strata 
outcrop  in  nearly  vertical  scarps  that  range  from  a  few  feet  up  to  300 
or  400  feet  in  height,  wherever  hard  strata  protect  the  softer  imder- 
lying  rocks.  The  surface  between  the  escarpments,  where  the 
rocks  are  homogeneous,  like  the  Mancos  shale,  is  a  comparativ^y 
smooth  plain  cut  into  badlands  near  the  stream  courses.  The  plains 
type  of  topography  predominates  north  of  the  road  extending  south- 
eastward from  Green  River  to  Brink  Spring,  in  the  SE.  i  sec.  10, 
T.  24  S.,  R.  19  E.,  whereas  the  more  rugged  topography  characterizes 
that  part  of  the  area  south  of  the  road  above  mentioned  and  east 
of  Green  River.  Dip  slopes,  usually  of  small  extent,  are  numerous  in 
the  rugged  part  of  the  field. 

Green  River,  the  only  perennial  stream,  flows  along  the  west  side 
of  the  field  in  a  canyon  whose  walls  range  from  a  few  feet  up  to  200 
or  300  feet  in  height.  Little  Grand,  Salt,  Red,  and  White  washes  also 
have  cut  canyon-like  vaQeys.  Badland  topography  occurs  in  many 
places  adjacent  to  the  streams.  Salt  Wash  flows  for  the  greater  part 
of  its  course  on  a  down-faulted  block  of  McElmo  rocks,  which  forms 
a  conspicuous  break  in  the  rugged  topography  in  T.  22  S.,  Rs.  16  and 
17  E.,  and  T.  23  S.,  R.  17  E. 
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The  relief  of  the  surface  in  this  field  is  approximately  1,000  feet,  the 
lowest  point  being  on  Green  River  in  sec.  31,  T.  23  S.,  R.  17  E.,  which 
is  approximately  3,990  feet  above  sea  level,  and  the  highest  point 
being  in  the  NE.  i  NW.  i  sec.  19,  T.  23  S.,  R.  18  E.,  where  the  alti- 
tude is  about  4,990  feet. 

WATER  SUPPLY. 

The  climate  is  semiarid,  as  shown  by  the  mean  axmual  rainfall, 
which  in  the  vicinity  of  the  town  of  Green  River  is  about  6J  inches. 
The  most  important  water  supply  in  the  field  is  Green  River,  which 
forms  the  western  boundary  of  the  area  and  carries  a  plentiful  amount 
of  water  the  year  round.  Plans  have  been  made  to  divert  some  of  the 
water  from  the  river  to  irrigate  large  tracts  of  land  on  each  side  of 
it,  in  addition  to  that  edready  under  irrigation.  Little  Grand,  Salt, 
Red,  and  White  washes,  which  are  the  principal  tributaries,  joining 
Green  River  from  the  east,  are  intermittent  streams  throughout  the 
greater  parts  of  their  courses.  In  the  vicinity  of  springs,  however, 
the  water  flows  on  the  surface  for  some  distance,  and  then  sinks  into 
the  sand  to  reappear  as  other  springs  or  seeps  farther  down  the  valley. 

In  the  NE.  i  SW.  i  sec.  27,  T.  22  S.,  R.  17  E.,  about  a  mile  north- 
west of  Levi  well  No.  2,  there  is  a  fairly  strong  spring  which,  on 
account  of  its  slightly  saline  and  alkaline  character,  is  known  locally 
as  Salt  Spring.  In  the  bed  of  Little  Grand  Wash,  in  sec.  8  of  the  same 
township,  there  is  another  fairly  good  spring.  A  spring  of  good  water 
in  the  SE.  i  NE.  i  sec.  17,  T.  22  S.,  R.  18  E.,  on  a  northern  tributary 
of  Little  Grand  Creek  just  west  of  the  traction  road  coxmecting  Floy 
or  Little  Grand  with  some  manganese  claims  near  the  river,  consti- 
tutes the  only  water  supply  in  the  township.  In  the  S.  J  sec.  25, 
T.  22  S.,  R.  16  E.,  two  or  three  salt  springs  finmish  sufficient  water  to 
make  the  lower  course  of  Salt  Wash  a  perennial  stream.  Brink 
Spring,  situated  on  a  fault  in  the  SE.  {  sec.  10,  T.  24  S.,  R.  19  E., 
has  a  strong  flow  of  excellent  water.  Foiu*  to  five  miles  slightly  south 
of  east  from  Brink  Spring  there  are  two  good  springs.  One  of  these 
is  in  a  stream  bed  just  north  of  the  Court  House  Cattle  Co's  ranch 
and  the  other  at  Coiu*t  House  stage  station,  about  a  mile  farther 
northeast.  A  water  hole  of  considerable  size  is  situated  in  the  SW.  \ 
sec.  15,  T.  23  S.,  R.  18  E. 

At  several  places  where  the  massive  sandstone  beds  in  the  lower 
part  of  the  McElmo  formation  outcrop  in  almost  flat  surfaces,  holes, 
formed  principally  by  wind  erosion,  collect  rain  water  and  retain  it 
for  relatively  long  periods  of  time,  thus  affording  excellent  temporary 
local  supplies  of  water. 

The  wells  drilled  in  the  field  to  date,  with  the  exception  of  the 
Klondike  well  in  the  NW.  i  SW.  J  sec.  26,  T,  23  S.,  R.  19  E.,  have  all 
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encountered  some  water.  Artesian  water  was  struck  in  the  weD 
southwest  of  Desert  station,  in  T.  20  S.,  R.  14  E.,  and  in  the  Elgin 
well,  in  the  SW.  i  SE.  i  sec.  15,  T.  21  S.,  R.  16  E.,  as  noted  in  the 
description  of  these  wells  under  "History  of  development  of  the  field," 
the  former  furnishing  fresh  and  the  latter  salt  water. 

LAND  STJBVEYS. 

The  land  surveys  in  parts  of  this  field  are  remarkably  good.  Where 
section  lines  were  followed  in  mapping  practically  all  the  comers  were 
found,  but  where  the  triangulation  method  of  mapping  was  employed 
only  a  sufficient  number  of  comers  were  located  to  check  the  triangu- 
lation work.  For  this  reason  little  can  be  said  regarding  the  surveys 
in  that  part  of  the  field  where  the  triangulation  method  was  used. 
From  retracements  of  exteriors  made  in  the  more  recent  work  for 
the  General  Land  Office  it  is  believed  that  the  chaining  in  the  earlier 
work  was  long,  so  that  the  old  lines  are  slightly  longer  than  is  indi- 
cated on  the  original  township  plats. 

STRATIGRAPHY. 
GENERAL  SECTION. 

The  rocks  exposed  in  the  Green  River  field  belong  to  the  Cre- 
taceous and  Jiu*assic  systems.  The  Mancos  shale  and  Dakota  sand- 
stone represent  the  former,  and  the  La  Plata  sandstone  and  probably 
the  McElmo  formation  represent  the  latter,  although  it  is  not  yet 
definitely  determined  whether  the  McElmo  is  Jiu*assic  or  Cretaceous. 
Rocks  of  Cretaceous  age  in  this  field  were  mapped  in  a  reconnaissance 
way  by  Richardson  ^  in  1906.  The  underlying  formation  which,  in 
the  present  report,  is  mapped  as  McElmo,  was  considered  hj  Richard- 
son '  to  be  equivalent  in  part  to  the  Morrison  formation. 

The  following  summary  gives  a  general  description  of  the  rocks 
exposed  in  the  Green  River  field: 

1  Richardson,  O.  B.,  Reoonnaissanoe  of  the  Book  CliBa  ooal  field  between  Orand  River,  Colorado,  and 
Sonnyslde,  Utah:  U.  S.  Oeol.  Survey  Bull.  371,  PI.  1, 1906. 
>Idem,  PI.  m,  p.  14. 
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General  secHan  of  rocks  ouUrop'ping  in  the  Oreen  River  field,  Utah. 


BjB- 

tain. 


For- 
ma- 
tion. 


If  ember. 


Perron  sand- 
stone mem- 
ber. 


Denription  of  strata. 


Yellow  to  blukh  drab  sandy 
shale;  the  upper  part  is  very 
sandy  and  contains  beds  and 
lenses  of  sandstone;  the  middle 
and  lower  parts  are  mainly 
shale. 


ThloknesB 
(Itet). 


About  2 
(after  R 
ardson). 


I 


This  sandstone  contains  in  places 
ooneretkms  which  are  fosBiliiei^ 
ous.  It  forms  a  hogback 
through  the  field. 


Bluish  diab  sandy  shale;  sandy 
material  is  most  plentiftil  near 
the  base  and  top  of  this  part  of 
the  formation. 


60-100. 


About  400. 


Economic  value. 


Possibly  this  sand- 
stone is  a  reservoir 
for  the  eas  that  has 
been  obtained  in 
some  of  the  wells. 


YeUowish-gray 

'of  shale  alternating. 


with 


sandstone 
thin  beds 

Sandstones,  coarse,  soft,  and  m 
places  very  conglomeratic. 


0-M. 


Contains  a  little  coal  in 
places,  but  none  was 
observed  in  this  field. 


-Unoonflonntty. 


Gray  conglomerate,  variegated 
sandy  snalis.  and  (day,  and  a 
few  feet  of  Ifmestone  about  175 
feet  from  the  top.  Some  of  the 
sandstone  is  quartsitic. 


S25-360. 


A  few  lenses  of  sand- 
stone contain  pock- 
ets of  gas.  Other 
lenses  are  partly  sat- 
urated with  petro- 
leum. 


Salt  Wash 
sandstone 
member. 


Gray  oonglomeiatio  sandstone 
which  outcrops  in  olifls.  The 
sandstone  in  places  is  lenticular, 
soft,  and  friable. 


160-175. 


Water-bearing  in 
places.  Probably 
contains  a  little  gas 
and  a  trace  of  oil. 


Red    sandstone,    thin  -  bedded 
above  and  massive  below. 


About  700. 


Gypsum  and  manga- 
nese in  the  upper 
part. 


4 


Very    cross  bedded  coaoe  gray 
sandstone. 


Estimated  700. 


Water-bearing  in 
many  places. 
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JTTBA88I0  8Y0TBK. 
LA  PLATA   SANDSTONE. 

The  La  Plata  sandstone  consists  of  a  cross-bedded  coarse-grained, 
very  massive  gray  sandstone,  the  base  of  which  was  not  observed  in 
the  Green  River  field.  It  is  believed,  however,  that  the  thickness 
of  the  formation  in  this  locality  is  about  the  same  as  in  the  vicinity  of 
the  San  Rafael  Swell,  where  it  is  700  or  800  feet.  In  places  this  sand- 
stone is  stained  from  the  overlying  red  sandstone  and  sandy  shale 
of  the  McEhno  formation.  The  La  Plata  sandstone,  first  described 
by  Cross ^  as  ''seldom  more  than  100  feet''  in  thickness  at  the  type 
locality,  is  much  thicker  in  this  field,  as  noted  above.  This  sand- 
stone, being  coarse  grained  and  massive,  is  an  excellent  reservoir 
for  water,  and,  as  stated  under  ''History  of  development  of  the 
field,"  it  is  believed  that  the  salt  water  encountered  in  the  Collins 
well,  in  sec.  20,  T.  21  S.,  R.  17  E.,  is  derived  from  its  upper  part. 

JUBABBIO  (P)  SYSTEM. 
M'ELMO  FOBliATION. 

Oenerdl  occurrence  and  character. — Overlying  the  La  Plata  sand- 
stone with  apparent  conformity  is  the  McEhno  formation,  which, 
according  to  Cross,^  should  include  all  the  rocks  between  the  Dakota 
sandstone  above  and  the  La  Plata  sandstone  below.  At  the  west 
side  of  the  San  Rafael  Swell,  east  of  Emery,  marine  fossils  of  Jurassic 
age  were  collected  about  15  feet  above  what  was  taken  to  be  the  base 
of  the  McElmo  formation,  but  tins  bed  may  belong  with  the  under- 
lying formation.  Bones  were  also  noted  in  a  conglomerate  about 
500  feet  below  the  top  of  the  formation  in  the  same  area.  On  accoimt 
of  lack  of  time  little  attention  was  given  during  the  field  examina- 
tion to  the  collecting  of  fossils.  A  detailed  section  of  the  greater 
part  of  the  formation  was  measured  in  the  NW.  J  sec.  19,  T.  23  S., 
R.  18  E.,  and  is  given  on  page  126. 

1  Cross,  Whitman,  Deeoription  of  the  TeUuride  qnadnmgte,  Colondo:  U.  8.  Qeol.  Sarvej  OeoL  Atla% 
Tolhiride  folio  (No.  67),  p.  3, 1900. 
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Section  of  part  of  McEhno  formatUm  measured  in  the  NW,  J  sec,  19 ^  T.  tS  S.,  R.  18  E, 

8aU  Late  meridian^  Utah. 

Ft.    in. 

Sandstone,  gray;  weathers  brown;  contains  day-ball  concretions 

in  places 8 

day,  bluish  gray;  contains  a  little  limestone  about  5  feet  below 

top 28    6 

day,  brick-red,  gray,  and  purplish,  sandy;  contains  several  thin 

beds  of  gray  to  white  sandstone 116 

Sandstone,  gray;  weathers  brown;  indurated  at  base,  conglomer- 
atic and  quartzitic  in  places,  lenticular 5 

Clay,  brick-red,  sandy 52 

Sandstone,  brick-red,  massive 14 

day,  brick-red,  sandy 12 

Salt  Wash  sandstone  member: 

Sandstone,  gray,  conglomeratic;  contains  some  inter-    Ft. 

bedded  gray  sandy  shale 58 

Sandstone,  reddish,  calcareous 17 

Sandstone,  gray  to  white,  soft,  cross-bedded  in  places. .    10 

Sandstone,  red  and  gray,  soft,  calcareous 42 

Sandstone,  gray  to  white,  soft,  massive;  contains  a  little 

argillaceous  material 37 

164 

Sandstone,  grayish  brown,  interbedded  with  gray  and  reddish 

calcareous  and  argillaceous  sandstone 27 

Sandstone,  white;  weathers  reddish  brown 12 

Sandstone,  red  with  streaks  of  green,  calcareous 20 

Sandstone,  grayish  brown,  with  calcareous  layers 50 

Sandstone,  broWn 2 

Sandstone,  calcareous 5 

Sandstone,  grajdsh  brown,  medium  bedded 4 

Sandstone,  red  below  and  gray  above,  very  calcareous;  contains 

many  small  nodules 40 

Sandstone,  brick-red,  thin  and  medium  bedded.    This  sand- 
stone is  believed  to  be  calcareous.    It  bears  manganese  ore  in 

the  upper  part 128 

Sandstone ,  red,  massive 400d: 

1,087    6 

A  section  of  the  upper  part  of  the  McElmo  formation  measured 
in  sees.  26,  34,  and  35,  T.  22  S.,  R.  17  E.,  near  Levi  well  No.  2,  shows 
that  the  formation  is  about  100  feet  thicker  than  is  indicated  by 
the  section  given  above.  Most  of  the  part  omitted  from  the  above 
section  consists  of  alternating  beds  of  sandstone  and  sandy  shale  of 
various  colors  capped  by  a  conglomeratic  quartzitic  sandstone  about 
20  feet  thick.  The  east  end  of  the  base  line  {B,  PI.  VI),  in  theSE.  } 
SW.  \  sec.  26,  just  north  of  Levi  well  No.  2,  is  on  this  sandstone. 

The  upper  part  of  this  formation  was  r^arded  by  Richardson  *  as 
probably  equivalent  to  the  Morrison  formation,   as  a  number  of 

^  Richardson,  O.  B.,  Reconnaissance  of  the  Book  Cliffs  coal  field  between  Grand  Rivor,  Colorado,  and 
Stmnyside,  Utah:  U.  8.  OeoL  Survey  BolL  371,  p.  14,  PL  m,  1909. 
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dinosaur  bones  were  found  in  that  part  of  the  formation  near  Grand 
Junction,  Colo./  some  distance  east  of  the  area  under  discussion. 
These  rocks  in  the  Green  River  field  are  similar  lithologically  to  the 
Morrison  formation  at  its  type  locality  and  to  the  same  formation 
in  Wyoming,  where  the  writer  has  had  opportunity  to  observe  it. 
The  McEhno  formation,  described  first  by  Cross,*  is  400  to  500  feet 
thinner  at  the  type  locality  than  in  the  area  under  discussion.  The 
upper  350  feet  of  the  McElmo  formation  in  the  Green  River  field  con- 
sists of  variegated  sandstone,  sandy  shale,  shale,  limestone,  and  about 
150  feet  of  conglomeratic  sandstone  beds  (Salt  Wash  sandstone  mem- 
ber), which  occur  principally  near  the  base  of  this  portion  of  the 
section.  The  middle  part  of  the  formation  consists  of  300  to  400 
feet  of  red,  mainly  thin-bedded  sandstone  and  sandy  shale  which, 
in  its  upper  part,  contains  in  places  considerable  gypsum.  As  much 
as  60  feet  of  gypsum  was  measured  at  one  place.  At  places  where 
the  gypsum  is  not  present  manganese  in  the  form  of  pyrolusite  may 
be  found  at  about  the  same  horizon — in  fact,  the  Colorado  Fuel  & 
Iron  Co.  mined  considerable  of  this  mineral  in  the  southern  part  of 
the  area  under  discussion  and  hauled  it  to  the  railroad  to  be  shipped 
east.  At  present,  however,  mining  operations  have  been  discon- 
tinued. The  lower  400  feet  or  more  of  the  formation  is  made  up  of 
massive  red  sandstone.  At  several  horizons  in  the  formation  there 
are  lentils  of  sandstone  that  in  places  are  partly  saturated  with 
petroleum.  Two  of  these  outcrop  at  the  surface  in  this  field  and  have 
been  described  above  under  "History  of  development  of  the  field." 
Some  gas  has  also  been  encountered  in  the  wells  in  this  formation. 

Salt  Wash  sandstone  member. — ^A  gray  coarse-grained  sandstone, 
conglomeratic  in  places,  occurs  in  the  Green  River  field  about  350  feet 
below  the  top  of  the  McElmo  formation.  It  probably  corresponds 
to  the  lower  conglomerate  of  the  "Henrys  Fork  group''  of  Powell's 
section  ^  on  the  north  flank  of  the  Uinta  Mountains  and  of  Gilbert's 
section^  in  the  Henry  Mountains.  This  sandstone  was  used  as  a 
datum  plane  on  which  altitudes  were  determined,  and  is  shown  on 
the  map  by  hachiu*es  in  the  unpatterned  area.  The  writer  proposes 
the  name  Salt  Wash  sandstone  member  of  the  McElmo  formation  for 
this  sandstone. 

>  Rig0i,  £.  S.,  The  dinosaur  beds  of  the  Orand  River  valley,  Colorado:  Field  Columbian  Mas.  Geol. 
Ser.,  vol.  1, 1901. 

>  Loc.  cit. 

*  Powell,  1.  W.,  Report  on  the  geology  of  the  eastern  portion  of  the  Uinta  Mountains  and  a  region  of  the 
country  adjacent  thereto:  U.  8.  Qeol.  and  Oeog.  Survey  Terr.,  2d  div.,  p.  157, 1876. 

*  Gilbert,  O.  K,,  Geology  of  the  Henry  Mountains:  U.  8.  Geog.  and  GeoL  Survey  Rocky  Mtn.  Region, 
p.  4, 1877. 
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CRETACBOXTS  SYSTEM. 
DAKOTA  SANDSTONE. 

The  Dakota  sandstone  unconf ormably  overlies  the  McEhno  forma- 
tion and  in  this  region  is  variable  in  thickness.  Richardson/  who 
examined  this  and  adjacent  formations  from  Grand  River,  Colo.,  to 
Sunnyside,  Utah,  found  it  to  be  cut  out  entirely  in  the  vicinity  of 
Elgin,  though  reaching  a  maximum  of  200  feet  in  other  places.  In 
the  Green  River  field  it  consists  of  40  feet  or  less  of  yellowish-gray  to 
white  coarse-grained  sandstone  which  in  places  is  conglomeratic. 
Thin  beds  of  coal  have  been  found  in  this  sandstone  in  the  vicinity  of 
Fruita  and  Grand  Junction,  Colo.,  and  along  the  east  side  of  Castle 
Valley  to  the  west,  but  no  carbonaceous  material  was  observed  in  the 
Green  River  field. 

The  Dakota  sandstone  is  a  water  bearer  in  places  in  this  region  and 
is  believed  to  contain  the  pocket  of  gas  encountered  at  a  depth  of 
850  feet  in  the  Collins  well,  in  sec.  20,  T.  21  S.,  R.  17  E.  In  the  area 
under  consideration  no  part  of  the  formation  is  known  to  be  saturated 
with  oil  or  asphaltum,  as  are  some  of  the  sandstone  beds  in  the 
underlying  formation. 

MANGOS   SHALE. 

Oeneral  character. — ^The  Mancos  shale  consists  of  about  3,000  feet 
,  of  bluish-drab  shale,  very  sandy  near  the  top  and  the  base.  Approxi- 
mately 1,400  feet  of  the  Mancos  is  exposed  in  the  area  under  con- 
sideration. About  400  feet  above  the  base  occur  sandy  beds  50  to 
100  feet  thick,  which  are  known  as  the  Ferron  sandstone  member. 
(See  below.)  The  rocks  imderlying  and  overlying  the  Ferron 
sandstone  member  are  similar  in  appearance.  They  contain  sandy 
beds  which  undoubtedly  form  the  pockets  for  the  gas  encountered  in 
the  Klondike  well  and  at  350  feet  in  the  Collins  welL  The  greater 
part  of  the  small  amount  of  gas  encoimtered  in  the  field  was  struck  in 
the  Mancos  shale. 

Ferron  sandstone  member. — ^The  portion  of  the  formation  distin- 
guished as  the  Ferron  sandstone  member  contains  sand  and  sandy 
material  and  is  more  resistant  than  the  overlying  and  underlying 
rocks,  and  for  that  reason  it  outcrops  in  a  hogback  which  extends  the 
full  length  of  the  field,  'ip.  the  southeastern  and  eastern  parts  it  is 
represented  by  two  small  hogbacks  near  each  other,  which  suggests 
that  the  sandy  material  brought  in  at  the  time  these  rocks  were  laid 
down  was  more  plentiful  than  farther  west  and  northwest,  where  but 
one  hogback  is  present.  This  sandy  member  of  the  Mancos  shale  can 
be  defijiitely  correlated  with  alternating  sandstone,  shale,  and  coal 

1  Richardson,  Q.  B.,  Reoonnalssaiioe  of  the  Book  CUfls  coal  field,  between  Ozand  River,  Colo.,  and 
Smmyside,  Utah:  U.  8.  Qeol.  Survey  Bull.  371,  pp.  12, 14,  PL  m,  1900. 
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beds  in  the  vicinity  and  south  of  Ferron,  in  Castle  Valley,  from  which 
the  member  takes  its  name.  A  complete  description  of  the  sandstone 
at  its  type  locaUty  is  given  in  another  report  in  this  bulletin. 

STRUCTURE. 

The  structm'e  in  general  in  the  western  part  of  the  field  is  that  of  a 
gently  northeastward-dipping  monocline,  which,  owing  to  the  pres- 
ence of  a  comparatively  narrow,  somewhat  broken  anticline  extend- 
ing northwest  and  southeast  and  lying  mainly  east  and  southeast  of 
the  area  mapped,  develops  gradually  toward  the  east  into  a  flat 
synclyie.  From  rather  meager  data  collected  in  the  extreme  eastern 
part  of  the  field  it  is  believed  that  considerable  strike  faulting  has 
disturbed  the  rocks  on  both  sides. of  the  anticline.  In  the  south- 
western part  of  the  area  mapped  there  are  numerous  variations  in  the 
general  norfheast  dip  of  the  strata,  which  are  discussed  below  in  detail. 
A  prominent  fault  zone  crosses  the  field  in  a  northwest-southeast 
direction.  Its  direct  bearing  on  the  possible  presence  of  an  oil  reser- 
voir is  fully  discussed  under  **  Conclusions."  Another  important 
fault  zone,  smaller  than  the  one  just  mentioned,  crosses  Green  Biver 
in  the  southern  part  of  T.  21  S.,  R.  16  E.,  and  extends  a  few  miles 
into  the  area  mapped. 

The  details  of  the  structure  are  shown  by  dip  symbols  and  fault 
lines  on  the  map  which  accompanies  this  report  (PI.  VI).  The 
mapping  of  the  outcrops  of  the  formations,  together  with  the 
hachiu*ed  line  representing  the  outcrop  of  the  Salt  Wash  sandstone 
member  of  the  McElmo  formation,  furnishes  additionaJ  aid  in  inter- 
preting the  structiwe  of  the  rocks. 

The  dips  measured  on  the  Dakota  sandstone  are  characteristic  of 
the  overlying  Mancos  shale  and  the  underlying  McElmo  formation. 
Hence  a  discussion  of  the  structure  of  this  sandstone  applies  equally 
wqQ  to  the  adjacent  formations  near  the  outcrop  of  the  Dakota. 
Beginning  near  the  town  of  Green  River,  where  the  dip  is  about  4°, 
and  following  the  outcrop  to  the  southeast,  the  dips  increase  to  as 
much  as  6**  in  sec.  25,  T.  21  S.,  R.  16  E.  This  dip  is  constant  for 
about  2  miles,  then  drops  to  5**  just  north  of  the  fault  in  sec.  32,  T.  21 
S.,  R.  17  E.  South  and  southeast  of  the  fault,  through  T.  22  S., 
Rs.  16,  17,  and  18  E.,  and  the  northern  part  of  T.  23  S.,  R.  18  E., 
the  dips  range  from  4**  to  5**  NE.  The  outcrop  of  the  Dakota  is 
obscured  by  faults  southeast  of  the  northern  part  of  sec.  10,  T.  23  S., 
R.  18  E.,  for  about  5  miles.  Dips  on  the  Ferron  sandstone  member 
of  the  Mancos  shale  show  that  the  beds  flatten  gradually  to  2°  at  the 
extreme  southeast  exposure  of  this  sandstone,  in  the  hogback  in  sees. 
1  and  2,  T.  24  S.,  R.  19  E.,  near  the  end  of  the  syncline.  At  this 
locality  the  Dakota  is  again  recognizable  as  the  outcrop  swings  away 
from  the  fault  and  extends  to  the  north  and  northwest  along  the  east 

SeS**— Bull.  541—14 ^9 
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flank  of  the  syncline  above  referred  to.  To  the  north  and  northwest 
the  dips  increase  to  as  much  as  9**  SW.  in  sec.  12,  T.  23  S.,  R.  19  E., 
just  north  of  the  State  road  connecting  Thompson  and  Moab.  The 
stratigraphically  lower  rocks  along  the  east  flank  of  the  syncline  dip 
more  steeply  than  the  Dakota. 

South  of  the  principal  fault  zone  near  the  river,  in  sees.  26,  34,  35, 
and  36,  T.  22  S.,  R.  16  E.,  and  sees.  1,  2,  and  3,  T.  23  S.,  R.  16  E., 
variations  in  the  dips  suggest  the  presence  of  a  small  dome  whose 
center  is  near  the  northwest  comer  of  sec.  1 .  In  sees.  7  and  8,  T.  23  S., 
R.  17  E.,  other  variations  in  structure  give  indications  of  a  small 
dome,  the  center  of  which  is  near  the  east  quarter  comer  of  sec.  7. 
Irregular  dips  are  numerous  in  sees.  15,  16,  17,  18,  19,  20,  and  21  of 
the  same  township  and  indicate  that  the  structure  is  imdulating, 
with  a  fairly  well  defined  dome  of  small  extent  in  sees.  15,  16,  21,  and 
22.  The  southeastern  part  of  this  dome  could  not  be  determined  on 
accoimt  of  lack  of  exposures,  as  drifted  sand  covers  the  rocks  in  the 
White  Wash.  The  center  of  the  dome  is  probably  in  the  SW.  \  sec. 
15.  Adjacent  to  the  main  fault  zone  in  sees.  11  and  12,  T.  23  S., 
R.  18  E.,  the  dips  are  very  irregular  and  show  a  very  small  dome 
which  is  due  partly  to  faulting,  as  the  northernmost  fault  of  the  prin- 
cipal zone  terminates  near  this  place. 

The  faults  are  discussed  below  in  order  from  north  to  south.  As 
shown  on  Plate  VI  a  fault  extends  through  sees.  33,  34,  35,  and  36, 
T.  21  S.,  R.  16  E.,  and  sees.  31,  32,  33,  and  part  of  34  (where  it  dis- 
appears), T.  21  S.,  R.  17  E.,  and  carries  the  outcrop  of  the  Mancos 
shale  about  3  miles  west  of  its  position  north  of  the  fault.  Its  extent 
to  the  west  is  not  definitely  known  but  is  probably  not  greater  than 
to  the  east  of  the  river.  The  maximum  displacement  of  this  fault, 
the  downthrow  of  which  is  on  the  south  side,  is  about  450  feet.  Groin's 
ofl  seep,  near  the  north  boundary  of  the  NE.  \  sec.  2,  T.  22  S.,  R. 
16  E.,  and  a  former  spring,  now  marked  by  a  calcareous  deposit,  near 
the  northeast  comer  of  the  same  section  are  closely  related  geneti- 
caQy  to  the  disturbed  strata  adjacent  to  the  fault  in  that  the  dis- 
turbed rock,  being  more  porous,  furnished  an  outlet  to  the  surface 
for  the  oil  and  calcareous  material. 

Block  faults  prevail  in  the  western  two-thirds  of  the  field  along  the 
main  zone  of  disturbance,  whereas  a  single  fault  is  the  result  of  the 
earth  movement  in  the  eastern  part.  In  sec.  26,  T.  22  S.,  R.  16  E., 
and  sec.  1,  T.  23  S.,  R.  17  E.,  as  many  as  four  faults  cut  the  rocks 
along  Salt  Wash  in  a  distance  of  three-fourths  of  a  mile,  but  through- 
out the  remainder  (and  longer  part)  of  that  stream  only  two  faults,  a 
little  less  than  half  a  mile  apart,  are  present.  The  rocks  between 
the  two  principal  faults  have  been  dropped  as  much  as  500  feet,  and  the 
strata  on  the  north  side  of  the  zone  are  about  300  feet  higher  than 
the  corresponding  strata  to  the  south  of  the  disturbed  belt.     This 
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condition  is  well  iUustrated  by  the  stratigraphic  section  shown  on 
Plate  YE.  The  other  downfanlted  block,  extending  through  sees.  1 
and  2,  T.  23  S.,  R.  17  E.,  and  sees.  3,  4,  5,  6,  8,  9,  10,  11,  14,  and 
15,  T.  23  S.,  R.  18  E.,  carries  the  outcrop  of  the  lower  part  of  the 
Mancos  shale  about  3  miles  west  of  its  normal  position.  This  block 
has  a  irn^-riniiiTn  displacement  of  about  400  feet. 

Both  of  the  principal  down-faulted  blocks  have  a  synclinal  struc- 
tiure,  which  is  due  to  the  bending  up  of  the  strata  caused  by  dragging 
along  the  fault  planes.  This  is  especially  noticeable  along  Salt  Wash, 
in  the  western  part  of  the  field.  Southeast  of  Tenmile  Wash  the  dis- 
turbance has  taken  place  for  the  most  part  along  a  single  fault  plane, 
the  strata  to  the  north  of  the  fault  showing  more  evidence  of  the  effect 
of  dragging  than  those  to  the  south,  as  indicated  by  dip  symbols  on 
Pkte  VI.  At  Brink  Sprmg,  in  sec.  10,  T.  24  S.,  R.  19  E.,  the  dis- 
placement is  about  1,200  feet,  the  downthrow  being  on  the  north 
side  of  the  fault.  The  La  Plata  sandstone,  capped  with  a  few  outliers 
of  the  McElmo  formation,  forms  the  surface  rocks  south  of  the  fault 
in  this  locality.  The  location  of  this  fault  east  and  southeast  of  a 
point  about  a  mile  southeast  of  Brink  Spring  is  only  approximate. 
Although  conditions  to  the  southeast  were  not  studied  in  detail,  it 
is  belieYed  that  the  amoimt  of  displacement  increases  in  that  direction. 

In  addition  to  the  larger  faults  described  above,  there  appears  to 
be  in  sec.  1,  T.  22  S.,  R.  16  E.,  about  1  mile  southeast  of  Goin's  oil 
seep,  a  short  minor  fault  of  slight  throw. 

THEORY  OF  OIL  ACCUMULATION. 

Oil  operators  are  desirous  of  finding  anticlines  or  domes  if  the  rocks 
are  saturated  with  water  C'wet")  and  synclines  or  basins  if  the 
strata  are  "dry"  or  comparatively  so.  Generally,  wherever  the 
rocks  contain  water  and  oil  disseminated  throughout  the  pores  of 
the  mass,  there  is  a  tendency  for  the  water,  being  the  heavier,  to 
collect  below  and  thus  force  the  oil  to  occupy  a  position  above  it. 
If  the  rocks  are  thoroughly  saturated  there  wiU  be  a  general  migra- 
tion of  the  globules  of  oil  upward  through  the  strata  until  they  reach 
the  surface  of  the  earth  or  until  their  progress  is  stopped  by  the 
presence  of  rocks  like  clay,  shale,  and  dense  sandstone,  which  are 
almost  impervious  to  oil.  If  the  porous  stratum  and  the  impervious 
cover  are  flat  lying  probably  there  wiU  be  no  large  accumulations 
of  oil,  but  if  they  are  inclined  slightly  the  oil  will  continue  to  migrate 
up  the  rise  at  or  near  the  base  of  the  impervious  stratum  until  it 
reaches  the  upper  limit  of  water  saturation  or  the  surface  of  the  earth 
and  escapes  in  an  oil  spring  or  seep.  If  the  structure  of  the  impervi- 
ous stratum  is  that  of  a  dome  or  anticline  the  oil  will  collect  in  the 
porous  rock  underlying  the  impervious  cap  in  the  top  of  the  anticline 
and  remain  there  until  it  can  escape  to  the  surface  through  natural 
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or  artificial  openings,  such  as  fault  planes  or  drill  holes.  If  the 
rocks  are  ''dry''  the  disseminated  oil  particles,  acted  upon  only  by 
the  force  of  gravity,  tend  to  migrate  downward.  If  the  structure  is 
that  of  a  syncline  or  basin  underlain  by  an  impervious  stratum,  the 
oil  will  collect  in  the  depression. 

In  the  above  discussion  the  simplest  condition — that  in  which  the 
rock  containing  the  oil  is  a  homogeneous  sandstone  overlain  or 
imderlain  by  a  stratimi  impervious  to  oil — is  assumed.  It  is  believed 
that  where  the  conditions  are  more  complex,  as  where  the  oil  is 
included  in  a  shale  or  a  compact  fine-grained  sandstone  contaimng 
lentfls  of  coarser  sandy  material,  and  the  rocks  are  fairly  well  satu- 
rated with  water,  the  oil  will  be  forced  into  the  lentils  of  rock  whoee 
pore  spaces  are  larger,  owing  to  the  differential  capillary  attraction 
of  water  and  oil.  The  presence  of  oil-saturated  sandstone  lentils  in 
the  more  compact,  finer-grained  sandstones  in  the  McElmo  formation 
of  the  Green  River  field  may  bo  explained  by  this  theory. 

CONCLUSIONS.     . 

The  results  obtained  from  drilling  seven  wells  in  this  field,  as  indi- 
cated in  the  following  table,  have  furnished  but  little  encouragement 
for  further  exploration. 

Wells  drilled  for  oil  or  gas  in  the  Oreen  River  field,  Viah, 


Name  of  well. 


Elgin 

Levi  No.  1 

LevfNo.2 

Levi  (Keystone) 

Klondike 

Qaeen 

CoUins 


Location. 


Sec.  16,  T.  21  8.,  R.  16  E 
Sec.  25,  T.  23  8.,  R.  18  £ 
Sec.  35,  T.  22  S.,  R.  17  E 
Sec.  26,  T.  22  8.,  R.  17  E 
Sec.  26,  T.  23  8.,  R.  19  E 
Sec.  18,  T.  23  8,,  R.  19  E 
Sec.  20,  T.  21  8.,  R.  17  E 


Depth. 


Feei. 

1,000 
530 

1,500 
425 
700 
920 

2,100 


OIL 


Traoe. 


Traoe. 
Trace. 


Gas. 


X 
X 
X 


«« 


Dty.' 


!•«•*«•< 


X 
X 


Three  of  the  wells  have  proved  to  be  dry  holes  according  to  the  most 
reliable  reports  obtainable,  three  encountered  traces  of  oil  and  small 
quantities  of  gas,  and  one  struck  ''pockets''  of  gas  without  oil. 

Levi  well  No.  2  and  the  OoUins  well,  which  were  drilled  to  depths 
of  1,500  and  2,100  feet,  respectively,  passed  entirely  through  the 
McElmo  formation  and  penetrated  the  upper  part  of  the  La  Plata 
sandstone,  proving  conclusively  that  the  McElmo  contains  no  per- 
sistent oil-bearing  stratum,  although  it  may  contain  nimierous  small 
lenses  of  sandstone  that  may  be  partly  or  wholly  saturated  with  petro- 
leum. As  stated  under  ''History  of  development  of  the  field,"  lentila 
of  petroleum-saturated  sandstone  outcrop,  and  it  is  reasonable  to 
assume  that  there  may  be  others  beneath  the  surface. 

The  pockets  of  gas  encountered  in  the  weUs  are  for  the  most  part 
in  the  Mancos  shale,  although  the  Collins  well,  in  sec.  20,  T.  21  S., 
B.  17  E.,  found  pockets  of  gas  in  the  McElmo  formation  also. 
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Stru£turally  the  area  mapped  in  detail  contains  no  anticlines  or 
domes  of  importance  in  which  large  quantities  of  oil  or  gas  could  have 
collected.  On  the  other  hand,  the  eastern  part  of  the  field  in  the 
vicinity  of  the  EJondike  well  includes  some  anticlines,  but  they  are 
not  believed  to  be  especially  favorable  on  account  of  the  presence  of 
probable  faults  on  each  side  of  the  upfolds.  Additional  field  work  in 
this  locality  will  definitely  determine  the  character  of  the  structure. 
The  monoclinal  character  of  the  greater  part  of  the  remainder  of  the 
field  is  not  promising,  as  discussed  under  ''Theory  of  oil  accumula- 
tion." 

The  small  domes  discussed  under  ''Structure"  and  situated  east  of 
Oreen  River,  in  Tps.  22  and  23  S.,  Rs^  16  and  17  E.,  are  in  the  writer's 
opinion  the  most  favorable  places  to  drill  for  oil  in  this  field.  The 
favorable  structure,  however,  does  not  mean  that  oil  will  certainly  be 
encoxmtered  at  these  localities. 

Faults  and  fault  zones  are  usually  unfavorable  structures  for  the 
accumulation  of  oil  or  gas,  because  the  rocks  adjacent  to  the  breaks 
in  the  strata  are  somewhat  crushed  and  for  that  reason  are  rendered 
more  porous,  allowing  an  easy  passageway  to  the  surface  for  the  oil, 
gas,  or  water  that  may  be  seeking  an  upward  outlet.  It  is  believed 
that  the  petroleum-saturated  condition  of  the  rocks  in  the  vicinity  of 
Groin's  seep,  situated  near  the  north  boxmdary  of  sec.  2,  T.  22  S., 
R.  16  E.,  is  due  to  the  fault  having  cut  a  lentil  of  oil-saturated  sand- 
stone at  some  depth  beneath  the  surface.  The  conditions  along  the 
faults  and  fault  zones  that  cut  the  strata  in  the  Green  River  field 
suggest  either  that  the  petroleum-saturated  sandstone  lentils  cut  by 
faults  are  comparatively  few,  or  that  if  they  are  numerous  the  amount 
of  oil  they  contain  is  small,  not  saturating  the  rocks  at  the  siu^ace. 

From  the  evidence  already  obtained  by  drilling  in  this  field  and 
from  the  presence  of  gas  in  tlie  Mancos  shale  in  other  fields,  it  seems 
safe  to  predict  that  a  little  gas  will  probably  be  encountered  in  every 
well  drilled  in  the  Mancos  shale.  It  seems  equally  probable,  consid- 
ering the  structure  of  the  field,  that  gas  in  large  quantities  will  not 
be  found. 

As  stated  under  "History  of  development  of  the  field,"  two  wells 
are  being  drilled  45  to  50  miles  southwest  of  Green  River.  The  struc- 
ture in  this  general  region,  to  judge  from  the  meager  evidence  col- 
lected on  a  reconnaissance  trip,  seems  to  be  favorable  for  the  accumu- 
lation of  oil  and  gas  in  what  appeared  to  be  a  broad,  flat  anticline 
extending  in  an  east-west  direction.  It  should  be  reiterated  that  the 
presence  of  favorable  structure  does  not  mean  that  oil  or  gas  will  be 
found  in  commercial  quantities.  Favorable  structure  is  a  necessary 
condition  but  not  the  only  one.  The  underlying  strata  must  contain 
oil  or  gas  disseminated  through  them,  or  the  reservoirs,  however  ideal 
they  may  be,  are  of  no  importance. 


PETROLEUM  KEAR  DAYTON,  NEW  MEXICO. 


By  G.  B.  RiCHAKDSON. 


JiUroduetion. — Interest  in  the  possible  occurrence  of  a  conuoerciftlly 
important  quantity  of  petroleum  in  the  Pecoe  Valley  has  been  re- 
vived by  the  discovery,  near  Dayton,  N.  Mex.,  of  oil  in  a  well  drilled 
for  water.  This  well  is  reported  to  have  a  capacity  of  about  25  bai^ 
rels  of  oil  a  day.  Several  companies  have  been  organized,  and  in 
March,  1913,  three  standard  rigs  were  in  the  field  prepared  to  test 


Fiamm  6.— Sketdi  map  shoving  location  of  Dayton, 


the  area  in  the  vicinity  of  Dayton.  Although  detailed  geologic  work 
has  not  yet  been  done  in  this  region,  and  little  is  known  about  the 
field,  the  following  statement,  based  on  data  obtained  during  a  short 
visit  in  March,  1913,  has  been  prepared  in  response  to  numerous  re- 
quests for  information. 

DevelopmerU. — Several  hundred  wells  have  been  sunk  for  water  in 
the  Roswell  artesian  area,*  in  which  Dayton  is  located.     These  range 

a  ol  Uu  RoavtC  arMalan  um. 
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from  a  few  hundred  to  about  a  thousand  feet  in  depth,  and  in  the 
vidnity  of  Artesia  and  Dayton  there  are  a  number  of  wells  which 
individually  flow  more  than  1,000  gallons  a  minute.  The  water  is 
obtained  from  a  porous  limestone  member  of  the  group  of  Permian 
red  beds  of  the  Pecos  Valley  and,  as  the  oil  occurs  below  the  water- 
bearing bed,  the  casing  off  of  this  great  flow  will  be  a  serious  matter, 
but  the  first  problem  is  to  determine  whether  or  not  there  is  in  this 
locaUty  an  important  quantity  of  oil. 

Traces  of  oil  and  gas  have  been  found  in  a  number  of  wells  in  this 
vicinity,  and  in  1909-10  local  excitement  was  caused  by  the  discovery 
of  these  substances  in  imusual  quantity.  Natural  gas  was  struck  in 
the  Piatt  well,  in  the  SW.  J  sec.  26,  T.  18  S.,  R.^6  E.,  IJ  miles  southeast 
of  Dayton,  This  well  is  reported  to  be  869  feet  deep,  the  flow  of  water 
being  encountered  at  790  feet.  Accurate  measurement  of  the  quan- 
tity of  gas  produced  has  not  been  made,  although  the  pressure  is  said 
to  have  been  great  enough  to  break  a  300-pound  gage.  In  March, 
1913,  the  gas,  after  being  shut  off  for  some  time,  was  tinned  on, 
escaping  with  a  roar  and  burning  with  a  flame  several  feet  high.  Oil 
was  not  found  in  this  well. 

Another  well,  the  Old  WilUams,  now  known  as  the  Belt  well,  in 
the  NW.  i  sec.  25,  T.  18  S.,  R.  26  E.,  2i  miles'  east  of  Dayton,  was 
driven  to  a  depth  of  1,002  feet  (reported  by  some  to  be  1,340  feet)  and 
encountered  one  flow  of  water  at  783  feet  and  another  at  820  feet. 
A  small  quantity  of  gas  and  oil  flowed  from  the  well  with  the  water 
and  at  first  was  allowed  to  escape,  but  recently,  by  allowing  the  flow 
to  enter  a  series  of  settling  tanks  and  drawing  off  the  water  from 
below  and  the  oil  from  above,  a  reported  yield  of  about  a  barrel  of 
oil  a  day  has  been  obtained. 

The  best  yield  of  petroleum  yet  obtained  in  the  Pecos  Valley  is 
from  the  old  Hanmiond,  now  known  as  the  Brown  well,  in  the  NE.  J 
sec.  15,  T.  18  S.,  R.  26  E.,  2i  miles  northeast  of  Dayton.  This  well 
was  sunk  in  1909  to  a  depth  of  950  feet.  A  flow  of  water  was  encoun- 
tered at  660  feet,  a  little  gas  at  762  feet,  and  oil  between  911  and  926 
feet.  An  attempt  was  made  to  case  off  the  flow  of  water,  and  in  the 
summer  of  1911  a  yield,  continuing  for  several  months,  of  6  to  10 
barrels  of  oil  a  day  was  reported.  In  1912  this  well  was  acquired  by 
Charles  S.  Brown,  of  Artesia,  who  succeeded  in  increasing  the  yield 
of  OH  and  in  cutting  off  more  water,  but  the  attempt  to  case  off  the 
water  has  been  only  partly  successful.  In  March,  1913,  Mr.  Brown 
stated  that  he  pumped  approximately  800  barrels  of  Uquid  a  day 
from  this  well,  including  about  25  barrels  of  oil.  The  oil  is  separated 
from  the  water  by  a  series  of  settling  tanks  and  is  sold  for  fuel  and 
for  smudging  orchards. 

Not  long  after  oil  was  found  in  the  Old  Hammond  well  a  local 
association  known  as  the  Giant  Gas  &  Oil  Co,  was  organized,  and 
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in  1910  it  sank  a  well  close  by,  in  the  NE.  i  sec.  15,  T.  18  S.,  R.  26  E. 
This  well  is  reported  to  have  been  put  down  1,118  feet  without  find- 
ing either  gas  or  oU.  From  lack  of  money  the  well  was  not  drilled 
deeper,  but  as  oil  had  been  found  between  911  and  926  feet  in  the 
adjacent  well  the  test  was  thought  to  be  fair.  Nevertheless  con- 
tinued interest  in  the  possibilities  of  the  Dayton  field  has  been  main- 
tained, and  recently  it  was  determined  to  test  the  area  by  sinking 
weUs  considerably  deeper.  Two  companies  were  therefore  organized, 
the  Pecos  Valley  Oil  &  Oas  Co.,  which  is  drilling  a  well  in  the  SE.  i 
sec.  15,  T.  18  S.,  R.  26  E.,  and  the  Dayton  Petroleum  Co.,  in  the  NW.  J 
sec.  23,  T.  18  S.,  R.  26  E.,  both  sites  being  between  the  Brown  and 
Belt  weUs  referred  to  above.  Another  test  well  said  to  be  located  in 
the  SE.  i  sec.  35,  T.  19  S.,  R.  24  E.,  12  miles  southwest  of  Dayton,  was 
started  by  the  Seven  Rivers  Oil  &  Oas  Co.,  which  intended  to  sink 
it  to  a  considerable  depth,  but  in  the  spring  of  1913  it  was  reported 
to  be  temporarily  stopped  at  a  depth  of  about  600  feet  on  account  of 
lack  of  funds. 

Quality  of  the  oU. — Samples  of  oil  from  the  Brown  and  Belt  wells, 
colloiCted  by  the  writer  in  March,  1913,  were  analyzed  by  David  T. 
Day  with  the  following  results: 

Analyus  of  petroleum  from  the  vicinity  of  Dayton,  N,  Mez, 
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These  tests  show  that  the  oil  is  similar  to  that  of  the  Beaumont 
field  in  Texas.  It  is  a  fuel  oil  which  furnishes  little  or  no  gasoline  but 
from  which  a  fair  yield  of  kerosene  can  be  obtained. 

Oedogy. — ^Although  detailed  geologic  work  has  not  yet  been  done 
in  southeastern  New  Mexico,  general  conditions  are  known  as  a  result 
of  several  reconnaissance  surveys. 

In  this  part  of  New  Mexico  Pecos  River  flows  in  a  broad,  open  valley 
lying  between  the  Llano  Estacado  on  the  east  and  the  Guadalupe  and 
Sacramento  mountains  on  the  west.  The  rocks  are  sedimentary  and 
the  general  dip  is  eastward,  decreasing  from  5®  or  10®  in  the  moun- 
taios  nearly  to  horizontality  on  the  plains.  The  rocks  of  the  moxm- 
tains  consist  of  at  least  10,000  feet  of  limestone  and  subordinate  sand- 
stone, which  are  succeeded  by  the  red  beds  that  directly  underlie  the 
Pecos  Valley.    These  rocks  are  of  Carboniferous  age,  the  lowermost 
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being  Pennsylvanian  and  the  uppermost  Permian.  East  of  the  river 
the  red  beds  are  overlain  by  Triassic  and  Tertiary  strata,  which  for 
present  pmposes  are  unimportant.  The  bitimiinous  limestones  and 
sandstones  which  underlie  the  red  beds  constitute  the  probable 
source  of  the  petroleum. 

The  greater  part  of  the  Pecos  Valley  is  occupied  by  unconsolidated 
Quaternary  deposits,  consisting  of  gravel,  sand,  and  day,  which  are 
separable  into  river  alluvium  and  material  derived  from  the  disinte- 
gration of  the  rocks  of  the  mountains  and  transported  as  wash  toward 
the  river.  These  miconsolidated  materials,  as  indicated  by  logs  of 
wells,  vary  in  thickness,  reaching  a  maximum  of  a  few  hundred  feet, 
and  occupy  a  large  area,  in  places  having  a  width  of  25  nules.  The 
bedrock  is  therefore  concealed  beneath  the  valley  and  details  of  its 
character  and  structure  are  unknown. 

The  red  beds  of  the  Pecos  Vailley,  which  directly  underlie  the 
unconsolidated  materials  and  outcrop  on  the  highlands  east  and  west 
of  the  river,  consist  of  a  complex  group  of  lenticular  beds  of  red  sand- 
stone and  shale,  magnesian  limestone,  and  gypsum.  Satisfactory 
measurements  of  the  thickness  of  these  beds  have  not  been  made, 
although  they  are  locally  known  to  be  more  than  1,600  feet  thick. 
But  the  thicloiess  varies  greatly  because  the  red  beds  are  not  confined 
between  definite  horizons,  the  red  color  extending  irregularly  across 
the  strike  in  accordance  with  varying  conditions  of  deposition.  The 
red  beds  of  the  Pecos  Valley,  on  the  evidence  of  fossil  shells  and  strati- 
graphic  position,  are  believed  to  be  of  Permian  age  and  are  correlated 
with  the  well-known  Permian  red  beds  of  north-central  Texas  and 
Oklahoma,  which  outcrop  east  of  the  Llano  Estacado. 

An  idea  of  the  composition  of  the  red  beds  is  indicated  by  the  log  of 
the  Williams  or  Belt  well,  as  reported  by  the  driller. 

Log  of  the  WUUatM  or  Belt  well,  in  the  NW.  J  sec,  «5,  T.  18  S.,  R.  t6  E, 
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Beneath  the  red  beds  of  the  Pecos  Valley  is  a  great  mass  of  lime- 
stone with  interbedded  lenses  of  sandstone,  having  an  estimated 
t^inlmflfiQ  of  10,000  feet,  which  outcrops  in  the  Guadalupe  and  Sac- 
ramento mountains  and  dips  eastward  toward  Pecos  River  at  a  low 
angle,  lliis  limestone  in  turn  is  underlain  by  a  lower  zone  of  red 
beds  exposed  on  the  western  escarpment  of  the  Sacramento  Moun- 
tains, 90  miles  west  of  Pecos  River.  Both  the  lower  red  beds  and 
part  of  the  overlying  limestone  and  sandstone  are  of  Pennsylvanian 
age. 

Petroleum. — ^The  petroleum  in  the  vicinity  of  Dayton  occurs  at  or 
near  the  base  of  the  red  beds  of  the  Pecos  Valley,  beneath  the  water- 
bearing stratum  of  porous  limestone  that  furnishes  the  artesian  sup- 
ply. Presumably  the  oil  originated  in  the  bituminous  limestones  and 
sandstones  which  outcrop  in  the  mountains  west  of  the  Pecos  Valley 
and  underlie  the  red  beds. 

It  is  of  interest  that  the  oil  in  the  Electra  field,  Texas,  east  of  the 
Llano  Estacado,  occurs  in  a  similar  stratigraphic  position.  The  sig- 
nificance of  this  similarity,  however,  is  diminished  by  the  fact  that 
tbe  fossils  from  the  rocks  below  the  Permian  red  beds  of  the  Pcqos 
Valley  are  different,  according  to  G.  H.  Girty,  from  those  occurring 
in  the  strata  beneath  the  Permian  red  beds  of  north-central  Texas, 
the  difference  indicating  separate  basins  of  deposition.  Apparently 
the  occurrence  of  oil  in  these  two  areas  east  and  west  of  the  Llano 
Estacado  is  distinct. 

It  should  be  noted  also  that  the  Dayton  oil  is  quite  different  from 
the  petroleum  of  the  Electra  field,  Texas,  whicH  ia  reported  by 
Udden  and  Phillips  as  a  "high-grade  light  oil  excellently  adapted  to 
refinery  use." 

The  recent  drilling  in  the  vicinity  of  Dayton  is  but  one  of  several 
attempts  to  fijid  oil  in  the  Pecos  Valley  between  Roswell,  N.  Mex., 
and  Fort  Stockton,  Tex.  In  this  area  indications  of  the  presence  of 
petroleum,  such  as  rocks  charged  with  bitimiinous  matter,  small  oil 
seeps,  and  local  occiurences  of  oil  in  water  wells,  have  long  been 
known.  Although  the  hope  of  finding  petroleum  in  paying  quantity 
has  thus  been  stimulated,  so  far  experience  has  been  disappointing. 
Among  the  prospect  wells  that  have  been  sunk  are  some  more  than 
2,000  feet  deep  in  the  vicinity  of  Toyah,  Tex.,  and  one  almost  3,000 
feet  deep  near  Roswell,  N.  Mex.,  all  of  which  were  failures. 

It  should  be  realized  that  prospecting  for  oil  in  Pecos  Valley  is 
unusually  difficult  because  of  the  widespread  cover  of  unconsoUdated 
deposits  that  conceals  the  structure  of  the  underlying  rocks,  which  in 
many  fields  is  a  controUing  factor  in  the  accumulation  of  oil.  In  the 
Roswell  artesian  area,  however,  an  important  clue  to  the  structmre 
may  be  obtained  from  the  logs  of  water  wells — in  spite  of  the  fact 
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that  logs  of  variable  red  beds  are  usually  of  little  value — because 
apparently  the  mam  flow  of  water  comes  from  a  definite  horizon. 
Study  of  well  logs  in  this  area  is  facilitated  by  the  systematic  records 
that  are  required  by  State  law.  Apparently  this  clue  has  not  been 
utilized. 

It  should  also  be  realized  that  petroleum  is  of  widespread  distribu- 
tion and  that  a  considerable  accumulation  is  not  necessarily  impUed 
by  anything  thus  far  known  in  Pecos  Valley.  As  yet  there  is  no  basis 
for  a  conclusion  one  way  or  the  other  as  to  whether  a  commercially 
important  oil  pool  exists  anywhere  in  Pecos  Valley.  It  is,  neverthe- 
less, most  desirable  that  a  thorough  test  be  made  in  the  vicinity  of 
Dayton,  where  more  oU  has  been  f  oimd  than  elsewhere  in  the  valley. 


RECONNAISSANCE  OF  THE  BARSTOW-KRAMER  REGION, 

CALIFORNIA. 


By  R.  W.  Pack. 


INTRODUCTION. 

FUBPOSB  OF  THB  BBPOBT. 

From  time  to  time  since  1900  the  region  between  Mohave  and 
Barstow  in  the  Mohave  Desert,  Cal.,  has  attracted  attention  as  a 
possible  oil  field,  and  a  report  that  valuable  light-gravity  oil  occurs 
there  has  been  widely  circulated.  Oreat  stretches  of  land  in  the 
northern  part  of  the  desert  have  been  located  as  oil  claims,  a  con- 
siderable niunber  of  derricks  have  been  erected,  and  weUs  have  been 
drilled  at  four  rather  widely  separated  localities.  Indications  of  oil 
have  been  reported  in  at  least  two  of  these  weUs.  In  the  early  part 
of  December,  1912,  the  writer  spent  a  few  days  in  a  reconnaissance  of 
the  eastern  part  of  this  region  in  order  to  obtain  a  general  undei^ 
standing  of  its  broader  geologic  features  and  to  determine  if  possible 
from  such  a  study  whether  or  not  oil  might  reasonably  be  expected 
to  occur  there  in  sufficient  amounts  to  be  commercially  valuable. 

CONCLUSIONS. 

The  main  conclusion  arrived  at  as  a  result  of  this  examination  is 
entirely  adverse  to  the  idea  that  oil  occurs  in  this  region.  Traces 
of  oil  and  gas  are  present  in  different  parts  of  the  world  in  fine- 
grained sedimentary  beds,  and  it  is  possible  that  similar  traces  of  oil 
may  exist  in  the  fine-grained  detrital  beds  of  this  region,  but  the 
writer  believes  it  highly  improbable  that  oil  and  gas  occur  here  in 
greater  amounts.  The  reasons  for  this  conclusion  are  given  in 
detail  at  the  end  of  the  report. 

GEOLOGIC  MAPPING. 

The  geology  and  structure  of  this  region  are  far  from  simple,  and 
although  the  work  was  detailed  enough  to  fully  warrant  the  pre- 
ceding statement  regarding  the  occurrence  of  oil,  it  was  not  sufficient 
to  furnish  data  for  more  than  a  superficial  description  of  the  areal 
geology.  On  the  sketch  map  (PL  VII)  the  areal  extent  of  the  several 
groups  of  rocks  has  been  shown.    The  boimdaries  of  these  areas  have 
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been  located  by  rough  compass  triangulation  and  by  pacing  from 
section  comers  wherever  such  comers  could  be  discovered.  In 
parts  of  the  region,  notably  along  the  eastern  edge  and  in  the  north- 
central  portion,  the  land  lines  have  recently  been  resurveyed,  and  a 
considerable  number  of  comers  were  found,  but  in  much  of  it  the 
geologic  boundaries  shown  are  only  sketched.  This  is  particularly 
true  of  the  area  between  Barstow  and  the  Chicago  Oil  Co.'s  well, 
where  very  little  eflFort  was  made  to  place  accurately  the  line  of  con- 
tact between  the  complex  of  pre-Tertiary  rocks  and  the  Tertiary 
rhyolitic  flows  and  tuffs. 
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OENERAIi  GEOGRAPHIC  AND  TOPOGRAPHIC  FEATURES. 

The  area  here  described  lies  in  the  central  part  of  the  Mohave 
Desert  in  San  Bernardino  County,  Cal.  Its  location  is  shown  in  the 
index  map  on  Plate  VII.  Two  railroads  pass  through  it — the  Atchi- 
son, Topeka  &  Santa  Fe  Railway,  with  two  lines  which  join  at  Bar- 
stow, one  to  San  Francisco*  and  the  other  to  Los  Angeles,  and  the 
San  Pedro,  Los  Angeles  &  Salt  Lake  Railroad,  which,  through  most 
of  this  region  runs  over  the  Los  Angeles  branch  of  the  Santa  Fe.  The 
only  settlement  of  any  considerable  size  is  Barstow,  which  has  about 
800  or  900  inhabitants.  It  lies  approximately  140  miles  by  rail  east 
of  Los  Angeles. 

The  topography  is  typical  of  that  existing  throughout  the  Great 
Basin.  Much  of  the  region  is  occupied  by  broad,  practically  level 
stretches  of  desert  sand  and  gravel,  from  which  irregular  barren 
ridges  and  hill  groups  rise  rather  abruptly  to  elevations  of  several 
hundred  feet  above  the  plain.  These  barren  hills  rising  in  the  midst 
of  a  broad  expanse  of  sand  look  not  unlike  islands  rising  out  of  the 
sea.  The  abruptness  with  which  many  of  the  hiUs  rise  from  the  desert 
gives  the  impression  that  the  alluvial  basins  are  deep.  This  idea  is 
strengthened  by  the  fact  that  one  of  the  wells  drilled  here  has,  as  nearly 
as  can  be  judged  from  the  imperfect  record  kept,  penetrated  many 
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hundred  feet  of  loosely  consolidated  sand  and  gravel.  In  the  main, 
however,  the  thickness  of  the  alluvium  and  the  contour  of  the  basins 
in  which  it  was  deposited  can  only  be  left  to  the  imagination. 

The  granitic  and  older  crystalline  rocks  weather  to  roimded  sombei^ 
colored  hills.  The  younger  volcanic  and  clastic  beds,  however,  are 
highly  colored  and  present  a  wonderful  array  of  reds,  greens,  browns, 
and  blues,  which,  combined  with  the  peculiar  rugged  topography 
characteristic  of  them,  form  a  striking  and  in  places  fantastic  land- 
scape. 

The  r^on  is  very  poorly  watered,  the  annual  rainfall  being  rarely 
over  5  inches  and  commonly  less  than  3  inches.  Wells  along  the 
course  of  Mohave  River  and  near  the  center  of  some  of  the  inclosed 
drainage  basins  afford  a  small  quantity  of  water,  in  places  sufficient 
to  irrigate  a  few  acres.  Small  farms  are  tilled  along  the  river  and  at 
a  few  places  near  the  dry  lakes  where  water  can  be  obtaiaed  in  shal- 
low welb,  but  for  the  most  part  the  land  in  this  portion  of  the  desert 
has  at  present  little  use  other  than  as  a  rather  poor  range.  Except 
for  scattered  ranches  along  the  river  and  between  Hinkley  and  Black's 
ranch  the  region  outside  of  Barstow  and  Daggett  is  practically  imin- 
habited.  The  vegetation  is  limited  to  the  common  desert  types, 
mainly  small  shrubs,  cacti,  bunch  grass,  and  yucca.  A  group  of 
mesquite  near  Black's  ranch  are  the  only  trees  outside  of  the  river 
valley. 

The  main  drainage  line  is  Mohave  River,  which  flows  to  its  sink 
in  the  east  end  of  the  desert,  some  50  miles  to  the  northeast.  Much 
of  the  region,  however,  drains  into  inclosed  basins  whose  centers  are 
occupied  in  the  wet  season  by  shallow  lakes,  the  largest  of  which, 
known  as  Harper  Lake,  is  shown  on  the  map.  These  lakes  or  playas 
are  dry  during  the  greater  part  of  the  year  and  their  beds  form  hard 
pavement-like  surfaces  swept  bare  of  all  dust  by  the  heavy  winds 
that  are  characteristic  of  the  region,  but  with  a  slight  rain  the  playas 
become  impassable  bogs. 

PREVIOUS  KNOWLEDGE  OF  THE  GEOJLOGY. 

But  little  has  been  published  about  the  geology  of  this  region. 
Most  of  the  written  accounts  are  either  descriptions  of  brief  recon- 
naissance trips,  such  as  that  on  which  the  present  paper  is  based,  or 
else  detailed  descriptions  of  some  very  local  mineral  deposit,  mainly 
the  borax  near  Daggett.  The  only  published  account  that  attempts 
to  give  a  comprehensive  idea  of  the  geology  of  the  area  here  dis- 
cussed is  that  by  C.  L.  Baker  entitled  ^' Notes  on  the  later  Cenozoic 
history  of  the  Mohave  Desert  region  in  southeastern  California."  *  This 
paper  gives  also  a  bibhography  of  other  papers  describing  the  general 
region. 

1  UnlT.  California  Dept.  Gedogy  Bull.,  vol.  6,  No.  15,  pp.  34-13, 1911. 
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GEOIjOGT. 

ICAIN  OBOUPS  OF  BOCKS. 

The  rocks  in  this  part  of  the  Mohave  Desert  may  conveniently  be 
described  as  belonging  to  four  main  groups — (1)  a  complex  associa- 
tion of  rocks  of  pre-Tertiary  age  composed  of  more  or  less  altered 
sedimentary  and  igneous  rocks,  (2)  volcanic  flows  and  tuflFs  with 
interstratified  detrital  beds,  mainly  fine  sand  and  clay,  of  Tertiary 
age,  (3)  a  basaltic  flow  of  Quaternary  age,  and  (4)  Recent  deposits 
of  unconsolidated  gravel,  sand,  and  clay.  The  rocks  included  in  the 
first  three  groups  have  been  tilted  from  their  original  position,  closely 
folded,  and  faulted,  and  their  present  structure  is  complex.  They 
form  the  nimierous  hill  groups  which  rise  out  of  the  level  sandy  plain 
and  evidently  also  continue  under  the  plain  as  the  floor  upon  which 
the  flat-lying  sand  beds  were  laid  down.  The  Recent  imconsolidated 
materials,  which  constitute  the  fourth  group,  have  now  practically 
the  same  attitude  as  they  had  when  they  were  deposited.  They  not 
only  occupy  the  centers  of  the  topographic  basins  but  in  places  extend 
for  considerable  distances  up  the  flanks  of  the  rocky  hills,  where  they 
cap  the  interarroyo  ridges.  Besides  these  practically  flat-lying  beds 
of  gravel  and  sand,  thick  masses  of  similar  materials,  having  a  slightly 
greater  though  still  a  low  dip,  occur  south  of  the  Chicago  well  and  also 
south  of  Mohave  River  between  Barstow  and  Daggett. 

PBE-TEBTIABY  BOCKS. 

The  pre-Tertiary  rocks  in  this  part  of  the  Mohave  Desert  comprise 
schist,  gneiss,  crystalline  limestone,  and  some  less  altered  sedimentary 
and  volcanic  rocks,  together  with  granitoid  rocks  of  various  kinds,  some 
of  which  are  intrusive  into  the  metamorphic  rocks.  This  complex  forms 
a  large  number  of  the  rocky  hill  groups  which  rise  above  the  desert  in 
this  and  adjacent  regions,  and  with  Uttle  question  was  the  basement 
upon  which  the  Tertiary  and  Quaternary  beds  were  deposited. 

Metamorphic  and  granitic  rocks  of  this  general  type  are  distributed 
widely  over  southeastern  California  and  the  neighboring  parts  of 
Nevada  and  Arizona.  Only  a  small  amount  of  geologic  work  has 
been  done  on  them  in  the  central  part  of  the  Mohave  Desert,  and  in 
consequence  little  can  be  said  definitely  concerning  their  age.  The 
nearest  point  to  the  Barstow-Kramer  region  at  which  the  age  of 
rocks  of  this  type  has  been  accurately  determined  is  between  60  and 
80  miles  to  the  north,  in  the  Fimeral  and  Kingston  ranges,  where 
various  altered  early  Paleozoic  sedimentary  formations  rest  upon 
nonfossiliferous  rocks  that  ate  beUeved  to  be  pre-Cambrian.  T^ie 
geology  of  these  ranges  is  described  by  Gilbert,*  Campbell,'  and 

1  QObert,  G.  K.,  Report  on  the  geology  of  portions  of  Ne\$ada,  Utah,  California,  and  Arizona:  U.  8.  Oeol. 
and  Oeog.  Surveys  W.  100th  Mer.,  vol.  3,  pp.  33, 179, 181, 1875. 

>  Campbell,  M.  R.,  Reoonnaissanoe  or  the  borax  deposits  of  Death  Valley  and  Mohave  Desert:  U.  8. 
Oeol.  Survey  Bull.  200,  p.  14, 1002. 
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Spurr.*  The  Randsburg  district,  which  lies  15  or  20  miles  north- 
west of  the  area  shown  on  the  accompanying  map  (PI.  VII),  is 
described  by  Hess.^  The  oldest  rocks  there  are  granite  and  schist, 
the  schist  probably  being  the-  yoimger  of  the  two,  although  the 
relationship  is  not  entirely  distinct.  The  quadrangle  also  contains 
a  younger  series  of  altered  sedimentary  rocks  which  on  the  evidence 
of  a  few  poorly  preserved  fossils  is  regarded  as  not  younger  than 
Carboniferous.  The  granite,  which  according  to  Hess  is  probably 
the  oldest  rock  in  the  Randsburg  r^on,  continues  southeastward, 
forming  Fremont  Peak  and  the  low  hills  in  the  northwest  comer  of 
the  area  shown  on  Plate  YII.  The  San  Bernardino  Moimtains, 
which  lie  40  or  50  miles  south  of  Barstow,  are,  according  to  Menden- 
hall,'  formed  largely  of  granitic  and  dioritic  rocks.  These  rocks  are 
intrusive  into  metamorphosed  sedimentary  rocks  of  unknown  age. 
Hershey^  briefly  describes  the  complex  of  gneiss,  schist,  and  old 
igneous  rocks  near  Barstow,  correlating  them  with  the  pre-Cambrian 
rocks  of  Inyo  County,  to  the  north.  He  also  describes  limestone 
and  quartzite  in  the  Granite  Mountains,  15  or  20  miles  south  of 
Barstow,  and  correlates  them  with  Lower  Cambrian  rocks  in  the 
White  Moimtains  of  Inyo  Coimty.  These  correlations  by  Hershey 
are  based  wholly  upon  the  general  lithologic  similarity  and  degree  of 
metamorphism  of  the  rocks  in  the  two  places  and  can  not  be  regarded 
as  established. 

Granitoid  rocks  form  the  greatest  part  of  the  surface  in  the  areas 
shown  on  the  accompanying  map  as  occupied  by  the  pre-Tertiary 
complex.  Some  of  the  granite  is  younger  than  the  metamorphosed 
sedimentary  rocks  and  may  belong  to  the  same  general  period  of 
intrusion  as  the  granite  in  the  Sierra  Nevada.  Part  of  it,  however, 
particularly  that  in  the  northwest  comer  of  the  area,  which  forms 
the  continuation  of  the  granitic  rocks  in  the  Randsburg  district, 
may  be  much  older. 

TEBTIABY  BOCKS. 
OENEBAL  CHABACTEB  AND  CORBELATION. 

Resting  with  marked  unconformity  upon  the  complex  just  described 
are  rocks  of  Tertiary  age,  which  comprise  a  variety  of  volcanic 
flows  and  tuffs  interstratified  with  sedimentary  beds  of  diverse 
kinds,  from  chemically  deposited  limestone  to  bowlder  beds  con- 
taining fragments  several  feet  in  diameter.  Tertiary  rocks  of  this 
general  type  are  found  in  many  parts  of  the  Mohave  Desert,  from 

1  Sporr,  7.  E.,  Descriptive  geology  of  Nevada  south  of  the  fortieth  i>arallel  and  adjacent  portions  of  Call- 
fomia:  U.  8.  Oeol.  Snrveiy  Bull.  208.  pp.  187-200, 1003. 

•  Heas,  F.  L.,  Gold  mining  tn  the  Randsburg  quadrangle,  California:  U.  S.  Oeol.  Survey  Bull.  430,  pp. 
3»-47,1010. 

•  KendenhaU,  W.  C,  mipablished  notes. 

•  BiotkBy,  O.  H.,  Some  crystalline  rocks  of  southern  CalUbmia:  Am.  Geologist,  vol.  29,  p.  286, 1902. 
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its  western  edge  eastward  far  beyond  the  area  described  in  the 
present  report.  About  Barstow  they  form  many  of  the  rocky  hiDs 
which  rise  above  the  desert  and  evidently  extend  over  considerable 
areas  beneath  the  Recent  sand  and  gravel  that  constitute  the  surface 
of  the  desert. 

The  Tertiary  rocks  in  this  part  of  the  Mohave  Desert  have  been 
briefly  described  by  Hershey,*  who  correlates  all  of  them  except 
some  beds  of  reddish  sandstone,  conglomerate,  and  tuff  exposed 
near  Mohave  River  between  Barstow  and  Daggett  with  the  ''Rosa- 
mond series,"  which  he  describes  as  typically  exposed  in  the  western 
part  of  the  desert.  The  reddish  beds  mentioned  above  he  believes 
to  be  younger  than  the  ''  Rosamond  "  and  the  same  as  rocks  which  he 
terms  the  "Escondido  series,"  also  typically  exposed  in  the  western 
part  of  the  desert.  In  a  later  paper  the  same  author  published  a 
map'  on  which  the  distribution  of  the  ''Rosamond"  and  "Escon- 
dido"  about  Barstow  are  shown. 

The  name  "Mohave  beds"  was  applied  by  Merriam*  to  the  Ter- 
tiary rocks  which  contain  mammalian  remains  in  the  Barstow 
syndine.    He  says: 

According  to  a  sketch  map  published  by  Hershey  the  point  at  which  the  collection 
was  made  would  fall  within  the  limits  of  what  is  designated  by  Hershey  as  the  Roea- 
mond  series.  This  series  has  not,  however,  been  characterized  in  any  way,  eo  that 
the  nature  of  the  formation  is  imknown.  As  geographic  location  is  one  of  the  impor- 
tant fetctors  concerned,  the  horizon  at  which  this  collection  was  obtained  may  be 
referred  to  under  a  geographic  designation  as  the  Mohave  beds. 

Baker  *  in  describing  the  Tertiary  rocks  about  Barstow  restricted 
the  term  "Rosamond"  to  the  part  of  the  section  that  is  composed 
predominantly  of  sedimentary  rocks,  offering  evidence  that  these 
rocks  rest  unconformably  upon  older  volcanic  rocks  which  Hershey 
included  in  the  "Rosamond." 

Tertiary  rocks  like  those  in  the  Barstow-Kxamer  region  occur  in 
Red  Rock  Canyon,  about  60  miles  northwest  of  Barstow.  These 
rocks  were  described  by  Fairbanks,*  who  found  in  them  a  few  fossil 
leaves  that  Knowlton  determined  as  of  Tertiary  and  probably  of 
Eocene  age.  These  beds  were  described  as  the  "Mojave  formation" 
and  correlated  with  the  Eocene  by  Smith,*  who  based  his  correlation 
entirely  on  Fairbanks's  description.     The  Tertiary  rocks  in  and 

1  Henhey,  O.  H.,  Some  Tertiary  fonnatiozia  of  eouthem  Calilomia:  Am.  Geologist,  vol.  29,  pp.  367, 868, 
1908. 

>  Herdiey,  O.  H.,  The  Qoatemary  of  soathem  Callibmia:  Univ.  California  Dept.  Geology  BulL,  voL  8, 
No.  1,  PL  1, 1902. 

•  Merriam,  J.  C,  A  ooUectJon  of  mammalian  remains  flrom  Tertiary  beds  in  the  Mohave  Desert:  Univ. 
Califomia  Dept.  Geology  Boll.,  vol.  6,  pp.  167, 168, 1911. 

«  Baker  j  C.  L.,  Notes  on  the  later  Cenozoio  history  of  the  Mohave  Desert  region  in  southeastern  California: 
Univ.  California  Dept.  Geology  Bull.,  vol.  6,  pp.  333-383, 1911. 

•  Fairbanks,  H.  W.,  Notes  on  the  geology  of  eastern  Califomia:  Am.  Geologist,  vol.  17,  pp.  67, 68, 1896. 

•  Smith,  J.  H.,  The  Eooene  of  North  America  west  of  the  100th  meridian:  Jour.  Geology,  vol.  8,  p.  456, 
406,1900. 
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about  Red  Rock  Canyon  were  later  described  by  Baker,^  who  cor- 
related them  as  a  whole  with  the  ''Rosamond  series/'  on  the  evidence 
of  mammalian  remains  which  he  collected  and  which  Merriam 
determined  as  of  upper  Miocene  age. 

The  field  work  that  forms  the  basis  of  the  present  report  was  too 
meager  to  admit  of  any  dehnite  correlation  of  the  rocks  about  Bar- 
stow  with  the  ''Rosamond  series/'  and  it  was  impossible  to  work 
out  the  sequence  of  the  various  effusive  rocks  and  their  relation  to 
the  sedimentary  rocks.  The  Tertiary  rocks  have  in  consequence 
been  shown  as  a  unit  on  the  map.  An  attempt  will  be  made,  however, 
to  indicate  the  general  character  of  the  rocks  in  the  different  areas 
and  to  describe  the  lithology  of  the  sedimentary  beds. 

LTTHGLOOY. 

The  sedimentary  beds  are  best  exposed  in  the  Barstow  syncline, 
where  they  have  a  thickness  of  not  less  than  3,000  feet  and  probably 
considerably  more,  but  on  account  of  the  numerous  faults  which 
have  in  part  duplicated  the  section  it  is  impossible  to  give  an  accurate 
estimate  of  the  thickness.  The  beds  vary  greatly  in  character,  both 
vertically  and  along  the  strike,  and  it  is  difficult  to  group  them  into 
any  definite  formations  which  may  be  followed  consistently.  They 
may,  however,  be  divided  roughly  into  three  parts.  The  lowest  of 
these  divisions  has  a  thickness  of  not  less  than  1,200  feet  and  is 
composed  largely  of  coarse  to  fine  grained  tuff,  volcanic  ash,  various 
thin  lava  flows,  and  especially,  near  the  base,  a  few  beds  of  coarse 
granitic  bowlders  and  brownish  sandstone.  This  divisiq^  weathers 
to  ra^ed,  irregular  hills  and  shows  a  remarkable  variety  of  bright 
colors  ranging  from  green,  blue,  or  almost  purple  to  various  shades 
of  yellow,  brown,  and  red. 

The  middle  division  is  composed  mainly  of  slightly  greenish  gray 
clay,  with  thin  beds  of  brownish  arkose  sandstone,  numerous  layers 
of  white  calcareous  clay  and  somewhat  impure  limestone,  beds  of 
white  ash,  and,  toward  the  base,  beds  of  coarse  granitic  fragments. 
It  has  a  thickness  of  not  less  than  1,500  feet.  The  greenish  clay 
which  forms  the  bulk  of  the  division  is  in  places  thin  bedded,  but  in 
other  places  it  forms  masses  20  or  30  feet  thick  without  trace  of 
stratification  and  the  intermittent  streams  have  intrenched  them- 
selves in  it,  leaving  almost  vertical  cliffs  50  or  60  feet  high.  The 
coarse  beds  near  the  base  are  formed  almost  wholly  of  unsorted 
granitic  fragments,  the  largest  3  or  4  feet  in*  diameter.  They  are 
embedded  in  an  arkose  matrix,  in  places  firmly  cemented,  and  to 
casual  observation  look  like  granite  in  place.    The  calcareous  beds 

1  Btkir,  C.  L.,  Notas  on  the  later  Cenosoio  history  of  the  Mohave  Desert  region  in  southeastern  California: 
Unir.  dUtente  Dii»i.  Geology  BtilL,  vol.  0,  pp.  3M-367,  1011;  ThysSography  and  structure  of  the 
w«t«xi  El  Paao  Range  and  the  southern  Sierra  Nevada:  Idem,  vol.  7»  pp.  123-134, 1912. 
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are  of  two  types.  The  most  numerous  are  layers  of  calcareous  clay 
whose  composition  is  in  general  like  that  of  the  greenish  clay  with 
which  they  are  stratified,  but  owing  to  their  lime  content  they  weather 
almost  pure  white.  They  are  more  resistant  than  the  clay,  and  the 
consequent  unequal  erosion  results  in  the  formation  of  fantastic 
badlands.  Besides  the  calcareous  clay  there  are  numerous  beds  of 
yellowish  to  dark  brown  limestone  which  vary  in  thickness,  the 
maximum  being  about  10  feet.  Many  of  the  calcareous  beds  emit 
a  peculiar  fetid  odor  when  struck.  This  odor,  which  is  not  unlike 
that  of  petroleum,  has  been  considered  by  many  persons  as  an  indi- 
cation of  oil.  A  sample  of  the  ietid  limestone  was  examined  by 
D.  T.  Day,  of  the  United  States  Geological  Survey,  who  reported 
that  no  trace  of  liquid  hydrocarbons  could  be  extracted  from  it  by 
various  solvents.  After  treatment  with  sulphuric  acid  he  detected  a 
trace  of  resin,  but  this  was  too  small  in  amount  to  account  for  the 
odor.  The  limestone  contains  a  considerable  amount  of  sulphur  and 
the  odor  is  probably  due  largely  to  hydrogen  sulphide. 

Locally  the  remains  of  fresh-water  moUusks  and  somewhat  more 
rarely  fossil  bones  similar  to  those  occurring  in  the  overlying  division 
were  found  in  the  beds  in  the  upper  part  of  this  division.  In  con- 
trast to  both  the  overlying  and  underlying  divisions  this  division  is 
well  bedded,  and  the  writer  believes  that  it  was  deposited  in  water. 

The  uppermost  division  is  formed  of  poorly  consolidated  beds  of 
coarse  angular  rock  fragments,  fine  gray  ashy  sand,  and  clay.  The 
materials  are  much  more  poorly  stratified  than  those  of  the  preced- 
ing division  and  resemble  slightly  the  Recent  flat-lying  gravel  and 
sand.  The  beds  in  this  division  form  rounded  buff-colored  hills,  in 
marked  contrast  to  the  badland  of  the  middle  division  and  the 
multicolored  hills  of  the  lower  division.  Fossil  bones  occur  abun- 
dantly in  this  division,  especially  in  tfie  finer-grained  beds. 

Baker*  has  grouped  the  Tertiary  rocks  exposed  in  the  Barstow 
syncline  uito  five  members.  Although  these  members  may  be 
recognized  in  the  central  part  of  the  syncline,  the  writer  found  that 
they  could  not  be  followed  consistently  and  rather  doubts  the 
advisability  of  attempting  to  divide  the  section  so  minutely.  The 
divisions  are,  beginniog  with  the  base,  ''(1)  basal  breccia,  (2)  tuff- 
breccia,  (3)  fine  ashy  and  shaly  tuff,  (4)  resistant  breccia,  (5)  fos- 
siliferous  tuff."  The  first  two  of  these  members  correspond  roughly 
with  what  is  described  in  the  present  paper  as  the  lowest  division, 
the  third  and  fourth  members  with  the  middle  division,  and  the 
fossilifefous  tuff  with  the  uppermost  division. 

West  of  Black  Mountain  the  oldest  Tertiary  rocks  appearing  along 
the  axis  of  the  smaU  anticline  are  clay  shale,  fine  sand,  and  ash 

1  BakeTf  C.  L.,  Notes  on  the  later  Cenoxoio  history  of  the  Mohave  Desert  region  in  soathMSttm  CbU> 
fomia:  Univ.  CaliTomia  Dept.  Geology  Bull.,  vol.  6,  pp.  343-347, 1911. 
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siinilar  to  those  forming  the  middle  division  in  the  Barstow  syncline. 
Layers  of  fetid  limestone  are  abundant  and  on  that  account  this 
part  of  the  region  has  been  considered  as  the  most  favorable  locality 
for  prospecting  for  oil.  Several  thin  beds  of  basic  lava,  usually  less 
than  6  feet  thick,  are  bedded  with  the  clay,  and  a  somewhat  thicker 
though  lenticular  bed  occurs  near  the  contact  with  the  overlying 
buff-colored  gravel.  This  bed  of  basalt  forms  the  hill  inunediately 
north  of  the  Giroux  well.  Overlying  the  clay  and  occupying  most 
of  the  area  mapped  as  Tertiary  to  the  northwest  are  buff-colored 
gravel  and  ashy  sand  much  like  the  upper  division  in  the  Barstow 
syncline. 

A  belt  of  outcrop  from  a  quarter  to  half  a  mile  in  width,  formed 
mainly  of  friable  sandstone  and  clay,  trends  east  and  west  along  the 
south  flank  of  the  Calico  Mountains,  passing  approximately  through 
the  old  town  of  Calico.  These  beds  rest  upon  the  rhyoUtic  tuffs  and 
lava  flows  which  form  the  main  mass  of  the  Calico  Mountains  on  the 
north  and  are  separated  from  the  desert  on  the  south  by  volcanic 
rocks  which  lindgren  *  believed  to  be  younger.  Isolated  patches  of 
sandstone  and  limestone  occur  also  high  on  the  slope  of  the  Calico 
Mountains,  in  the  south  half  of  T.  11  N.,  R.  1  E. 

The  central  part  of  the  area  of  Tertiary  rocks  on  the  north  side  of 
Mohave  River  between  Barstow  and  Daggett  is  formed  of  fine- 
grained clayey  sand,  calcareous  clay,  and  limestone  interstratified 
with  nimierous  thin  beds  of  volcanic  rock.  Fetid  limestones  are 
exceptionally  abimdant.  The  northwestern  edge  of  this  area  is  com- 
posed of  tuffs  and  solid  lavas,  which  weather  out  prominently  and 
form  rugged  hills  in  sec.  25,  T.  10  N.,  R.  1  W.  A  dark  rocky  ridge 
trending  approxunately  north  and  south  and  meeting  the  river  a 
mile  or  two  west  of  Daggett  is  also  composed  predominantly  of  tuff 
and  volcanic  flows. 

The  Tertiary  rocks  near  the  old  Alpha  and  Omega  mines,  about  4 
miles  north  of  Barstow,  and  also  those  between  that  place  and 
Black's  ranch  consist  almost  wholly  of  tuff  and  lava,  although  with 
these  are  intercalated  beds  of  coarse  detrital  material  10  or  12  feet 
thick. 

The  Tertiary  rocks  on  both  the  north  and  the  south  sides  of  Mohave 
River  at  Barstow  are  wholly  rhyolitic  flows,  but  calcareous  clay  and 
limestone  form  two  small  hills  about  three-quarters  of  a  mile  to  the 
north. 

AGE. 

Remains  of  several  extinct  species  of  horses,  camels,  and  other 
mammals  occur  abimdantly  in  the  Barstow  syncline  in  the  upper- 
most division  of  the  Tertiary  beds.    These  fossils  have  been  studied 

1  Lindgraii,  Waldmnar,  TIm  silvtr  mines  of  Calico,  Gal.:  Am.  Inst.  Hin.  Bng.  Trans.,  vol.  15,  p.  719, 
1887. 
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by  Merriam/  who  believes  them  to  be  of  upper  Miocene  age  and  simi- 
lar to  mammalian  remains  found  in  other  parts  of  the  Great  Basin. 

anATB&NABY  SOGX8. 
BASALT. 

The  blanket  of  basalt  which  covers  Black  Mountain  rests  with 
marked  imconf ormity  upon  the  uptilted  Tertiary  rocks  and  is  proba- 
bly of  Quaternary  age.  The  flow  is  not  thick,  averaging  over  much 
of  the  hill  less  than  50  feet,  but  the  numerous  faults  traversing  it  in 
places  exaggerate  the  thickness.  The  diagrammatic  section  given  by 
Baker '  is  rather  misleading,  for  the  surface  of  the  south  flank  of  the 
mountain  is  not  formed  by  an  unbroken  tilted  sheet  of  basalt.  Nur 
merous  normal  faults  traverse  the  basalt  and  the  south  flank  of  the 
mountain  is  really  a  succession  of  small  fault  blocks.  The  basalt 
varies  from  a  massive  fine-grained  porphyritic  black  rock  to  vesicular 
or  oven  scoriaceous  material.  Massive  fine-grained  material  is  prob- 
ably the  most  abimdant. 

RECENT  SAND  AND  GRAVEL. 

All  the  topographic  basins  in  this  region  are  filled  with  masses  of 
gravel,  sand,  and  clay  which  have  been  laid  down  since  the  uptilting 
of  the  Miocene  rocks  and  largely,  perhaps  wholly,  since  the  outpouring 
of  the  lava  that  now  caps  Black  Mountain.  These  materials  were 
probably  deposited  under  much  the  same  condition  as  those  now 
existing  in  the  desert,  the  coarser  material  being-  carried  in  by  run- 
ning water,  the  finer  material,  perhaps  largely  wind  carried,  forming 
drifts  in  sheltered  places  or  settling  in  the  shallow  lakes  that  inter- 
mittently occupy  the  playas.  The  thickness  of  these  masses  of  mate- 
rial is  not  known.  The  well  of  the  Chicago  Oil  Co.  and  also  that  of 
the  Kramer  Consolidated  Oil  Co.  were  drilled  in  the  center  of  broad 
alluvial  flats.  Both  these  wells  penetrated  several  himdred  feet  of 
material,  which,  as  nearly  as  may  be  judged  from  the  record  kept,  is 
probably  part  of  the  Recent  alluvial  desert  filling.  Besides  the  flat- 
lying  gravel  in  the  topographic  basins,  a  thin  veneer  of  similar  mate- 
rial caps  the  interarroyo  ridges  in  the  low  foothills.  This  material 
evidently  records  an  epoch  when  the  country  was  lower  and  the  hill 
groups  even  smaller  than  at  present. 

Thick  masses  of  sand  and  gravel  like  that  in  the  present  desert 
flats  form  low  rolling  hills  south  of  Barstow  and  a  mile  or  so  south  of 
the  Chicago  well.    These  beds  have  about  the  same  degree  of  indura- 

^  Merriam,  J.  C,  A  collection  of  mammalian  remains  from  Tertiary  beds  on  the  Mohave  Desert:  Unhr. 
California  Dept.  Geology  Bull.,  vol.  6,  pp,  167-169, 1911. 

s  Baker,  C.  L.,  Notes  on  the  later  Cenozoio  history  of  the  Mohave  Desert  region  in  sontheastem  CaUtaida: 
Univ.  Oaliflomia  Dept.  Geology  Boll.,  vol.  6,  p.  348, 1911. 
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tion  as  the  Recent  alluvium,  but  unlike  it  they  dip  at  slight  angles, 
their  attitude  probably  being  due  to  tilting  and  not  to  inclined 
deposition. 

STBTJCTTTBE. 

TTie  structure  about  Barstow  is  irregular  and  complicated.  For 
the  most  part  the  rocks  are  broken  by  innumerable  faults  and  the 
stratified  Tertiary  rocks  are  tilted  at  irregular  angles.  In  places  the 
beds  are  bent  into  folds,  tjie  largest  of  which  is  the  Barstow  syncline, 
but  most  of  these  folds  are  small,  irregular,  and  discontinuous  and 
are  a  minor  feature  of  the  structure. 

WELLS  DRILLED  FOR  OIL. 

Although  this  region  has  attracted  considerable  attention  for  the 
last  12  years,  only  four  wells  have  been  drilled  to  any  considerable 
depth.  These  are  the  Kramer  Consolidated  Oil  Co.'s  well,  in  the 
NW.  i  sec.  11,  T.  10  N.,  R.  5  W.;  the  Chicago  Oil  Co.'s  well,  in  the 
SW.  i  sec.  35,  T.  11  N.,  R.  1  W.;  the  Giroux  well,  in  tie  SE.  {  sec. 
17,  T.  32  S.,  R.  44  E. ;  and  the  Mojave  Oil  Co.'s  well,  in  the  SE.  i  sec. 
14,  T.  11  N.,  R.  12  W. 

Tlie  well  of  the  Kramer  Consolidated  Oil  Co.  is  located  about  3 
miles  north  of  Hawes,  a  station  on  the  Santa  Fe  Railway,  in  the  midst 
of  a  broad  expanse  of  desert,  tlie  nearest  outcrops  of  rock  in  place 
being  the  granite  in  the  hills  some  5  miles  to  the  northwest.  Drilling 
has  been  carried  on  here  at  irregular  intervals  for  the  last  12  years, 
and  tlie  well  is  said  to  have  been  drilled  to  a  depth  of  almost  3,000 
feet.  It  is  asserted  that  a  little  oil  was  obtained  in  the  well,  and 
small  samples  of  light-gravity  oil  and  of  paraffin  wax  were  seen  at 
the  Los  Angeles  office  of  the  company.  At  the  time  of  the  writer's 
visit  to  the  well  the  lower  part  of  the  hole  had  been  lost  and  no 
evidence  corroborating  the  reported  discovery  of  oil  was  obtained. 

The  abandoned  Giroux  well  is  located  about  a  mile  west  of  Black 
Canyon,  at  the  foot  and  on  tlie  south  side  of  a  small  hill  determined 
by  a  bed  of  basalt  which  is  interstratificd  with  the  fine-grained  Ter- 
tiary clay.  According  to  Mr.  C.  E.  Kendrick,  this  well  was  started 
in  1902  and  drilled  to  a  depth  of  440  feet.  It  is  said  that  a  trace  of 
oil  was  obtained  in  the  well  at  a  depth  between  300  and  400  feet. 
The  basalt  forming  the  hill  on  tjie  north  dips  70°-80°  S.,  and  the  well 
was  probably  drilled  into  it. 

TTie  well  of  the  Chicago  Oil  Co.  is  located  in  the  desert  on  the  west 
side  of  the  Calico  Mountains,  about  a  mile  from  the  nearest  hills  in 
which  the  Tertiary  or  older  rocks  are  exposed.  In  December,  1912, 
it  had  reached  a  depth  of  more  than  2,000  feet  and  drilling  was  still 
being  carried  on.     ''Showings"  of  oil  are  reported  in  the  well. 
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Tlie  wen  of  the  Mojave  Oil  Co.  is  located  about  2^  miles  southeast 
of  Mohave.  It  was  started  in  1907  and  has  been  drilled  to  a  depth 
of  a  Uttle  more  than  1,100  feet.  ''Showings"  of  oil  are  reported,  but 
no  greater  quantity  was  found  and  the  weU  is  now  abandoned. 

CONCLUSIONS  AS  TO  THE  PRESENCE  OP  PETROIiEUM.' 

The  writer  believes  that  the  northern  part  of  the  Mohave  Desert] 
between  Barstow  and  the  town  of  Mohave  offers  practically  no  prom- 
ise of  becoming  a  productive  oil  field,  and  that  further  drilling  will 
prove  but  a  waste  of  money.    The  principal  reasons  for  believing 
that  this  land  will  not  prove  productive  are  (1)  the  lack  of  strata 
from  which  it  would  seem  reasonable  to  believe  that  oil  might  have  1 
been  formed,  especially  the  lack  of  thick  masses  of  organic  material  i 
(diatomaceous  and  f oraminif eral  shale)  such  as  those  which  occur  in ! 
or  near  all  the  oil  fields  in  the  southern  half  of  California  and  in  which  I 
the  oil  is  believed  to  have  originated;  (2)  the  lack  of  structural  fea-  'J 
tures  favorable  for  the  collection  of  petroleum  even  if  it  existed  dis-  i 
seminated  through  the  strata.  ^ 

The  pre-Tertiary  rocks  can  not  reasonably  be  regarded  as  a  source  1 
of  petroleum.  Only  a  small  portion  of  these  rocks  are  of  sedimentary  * 
origin,  and  they  are  so  metamorphosed  that  even  had  oil  once  existed  - 
in  them  it  is  hardly  conceivable  that  they  should  still  contain  it.  ; 
The  granitic  rocks  in  the  complex  are  if  possible  an  even  less  likely 
source  of  petroleum,  as  their  texture  is  so  dense  that  they  would  offer 
practically  no  reservoir  in  which  oil  might  collect  if  it  existed  in  the 
near-by  rocks.  Oil  has  been  found  in  rocks  lithologically  similar  to 
some  of  the  pre-Tertiary  rocks  of  the  Mohave  Desert  at  only  a  single 
locality  in  California.  This  occurrence,  at  Placerita  Canyon,  about 
20  miles  north  of  Los  Angeles,  has  been  described  by  Eldridge.*  The 
oil  at  this  place  occurs  in  fractured  schists  which  rest  upon  the  granite 
of  the  San  Gabriel  Mountains.  The  most  logical  explanation  for  the 
presence  of  the  oil  here  is  that  it  has  migrated  from  early  Tertiary 
organic  shales  which  may  have  at  one  time  rested  upon  the  metamor- 
phic  rocks  and  which  may  now  occur  in  the  vicinity  beneath  the  un- 
conformably  overlying  late  Tertiary  beds.  In  the  Santa  Clara  River 
valley,  a  few  miles  west  of  Placerita  Canyon,  the  early  Tertiary  strata 
and  the  beds  in  contact  with  them  are  filled  with  oil.  As  organic 
materials  similar  to  those  in  the  Santa  Clara  River  valley  are  unknown 
in  the  Barstow-Kramer  region,  it  can  not  be  expected  that  a  similar 
accumulation  of  oil  wiU  be  found  in  the  metamorphic  rocks  in  this 
region. 

The  Recent  coarse  gravel,  sand,  and  clay  which  form  the  filling  in 
the  topographic  basins  and  which  in  places  extend  as  a  veneer  over 

>  £ldridge,  G.  H.,  tnd  Arnold,  Ralph,  The  Santa  Clara  Valley,  Puente  Hills,  and  Lob  Anfeiee  oil  dto- 
tricta,  BOuUMni  California:  V.  8.  Gaol.  Survey  Bull.  300,  pp.  100-101, 1907- 
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the  lower  hills  are  equally  as  unlikely  a  source  of  petroleum  as  the 
pre-Tertiary  complex.  They  are  composed  almost  or  quite  com- 
pletely of  fragments  derived  from  the  older  rocks  in  this  or  in  adja- 
cent regions,  and  it  is  not  reasonable  to  believe  that  these  masses  of 
rock  fragments  would  be  more  likely  to  produce  petroleum  than  the 
same  rocks  in  place.  The  Tertiaiy  volcanic  rocks  are  likewise  not 
to  be  considered  as  a  source  of  petroleum,  for  much  the  same  reasons 
as  apply  to  the  granitic  rocks  in  the  pre-Tertiary  complex. 

It  remains  then  but  to  consider  the  Tertiary  sedimentary  rocks.. 
The  coarse-grained  Tertiary  beds  are  formed  of  fragments  of  various 
types  of  granitic,  volcanic,  and  metamorphic  rocks  and  are  evidently  "^ 
no  more  probable  a  source  of  petroleum  than  are  the  Recent  beds  of  ' 
sand  and  gravel.    On  the  other  hand,  to  casual  observation  the  fine-  , 
grained  Tertiary  rocks  of  the  Barstow-Kramer  region  appear  to  be 
similar  to  the  Tertiary  rocks  in  many  of  the  oil  fields  of  this  State,  ^ 
and  it  is  not  so  very  surprising  that  in  this  region  they  have  been 
regarded  as  a  possible  source  of  oil.    A  careful  examination  of  them    y^ 
shows,  however,  that  they  are  really  very  different  from  the  Tertiary 
shales  in  the  productive  oil  fields,  and  in  place  of  being  composed    ^ 
very  largely  of  the  remains  of  organisms  they  are  formed  almost  v 
wholly  either  of  fine  volcanic  ash  or  of  detrital  material  derived 
from  rocks  of  various  types.     They  thus  resemble  the  coarse-grained 
beds  in  the  same  region,  differing  from  those  beds  mainly  in  the  size  ^ 
of  the  particles  they  contain,  and  are  not  to  be  compared  with  thcf 
masses  of  organic  material  in  the  large  productive  oil  fields  of  Cali- 
fornia.    The  only  indications  of  organic  matter  seen  in  these  beds  were' 
small  particles  of  carbonized  terrestrial  vegetation  scattered  through 
some  of  the  clayey  and  finer  sandy  beds,  but  the  total  amount  of 
organic  matter  is  entirely  too  small  to  be  considered  as  a  possible 
source  of  more  than  the  merest  traces  of  oil. 

It  is,  of  course,  possible  that  in  the  broad,  level  desert  areas  rocks 
of  different  types  from  any  exposed  in  the  hills  may  lie  buried 
beneath  the  desert  gravel.  It  is  also  possible  that  such  rocks,  if 
they  occur,  are  like  those  in  the  Tertiary  formations  in  the  San 
Joaquin  Valley  on  the  opposite  side  of  the  Tehachapi  Mountains. 
There  is,  however,  nothing  in  the  geology  of  this  region,  or,  so  far  as 
known,  in  that  of  the  desert  as  a  whole,  to  support  such  a  hypothesis. 

No  surface  indication  of  petroleum  was  seen  anywhere  in  the 
region.  It  is  coDMnonly  rumored  that  a  seep  occurs  in  the  Tertiary 
rocks  northwest  of  Black  Mountain,  but  a  careful  search  failed  to 
reveal  it  nor  did  persistent  questioning  discover  anyone  who  could 
describe  its  location.  The  structure  of  the  Tertiary  rocks  is  complex. 
In  many  places  they  are  tilted  to  high  angles  and  intricately  faulted, 
and  if  oil  occurs  in  them  it  is  surprising  that  it  does  not  at  some  place 
show  at  the  surface. 
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Even  if  oil  was  originally  distributed  in  minute  quantities  tlirough 
tlie  rocks,  the  structiu^  is  not  such  that  it  would  have  tended  to 
collect  or  trap  the  oil.  Irregular  and  faulted  folds  occur  in  at  least 
three  places  northwest  of  Barstow — the  Barstow  syncline  in  T.  11  N., 
R.  2  W.,  a  small  anticline  just  north  of  the  Giroux  well  in  T.  32 
S.,  R.  44  E.,  and  an  irregular  fold  or  folds  in  T.  31  S.,  R.  44  E.  It 
is  generally  reported  that  a  well-marked  anticline  passes  throu^  the 
hills  north  of  Barstow.  Indeed,  it  is  believed  by  some  that  such  a 
fold  extends  along  the  north  side  of  the  desert  from  Tehachapi  Pass 
nearly  to  Barstow.  TTiis  idea  is  erroneous,  for  the  only  folds  here 
are  small,  discontinuous,  and  much  faulted.  Faults,  not  folds, 
dominate  the  structure.  Tlius  the  structure  is  much  more  favorable 
for  the  escape  of  any  oil  that  might  possibly  have  been  found  here 
than  it  is  for  its  concentration  in  appreciable  quantities. 


Coal  and  Lignite, 


RHODE  ISLAND  ANTHRACITE; 


By  George  H.  Ashley. 


INTKODUCTION, 

Rhode  Island  anthracite  has  long  been  a  puzzle  to  mining  men  and 
capitalists.  Is  it  a  fuel  or  is  its  best  use  for  making  refractory  linings 
for  blast  furnaces?  This  paper  has  been  prepared  after  a  study 
of  the  Rhode  Island  anthracite  field  and  summarizes  the  location, 
character,  and  qualities  of  the  coal,  the  results  of  tests  of  its  use  in 
house  and  steam  furnaces,  in  the  making  of  briquets  and  coke,  and 
describes  the  results  of  attempts  to  utilize  it  after  conversion  into 
water  gas  or  producer  gas.  The  conclusions  will  be  of  special  inter- 
est to  those  who  may  be  considering  investments  in  mines  in  this  field. 

The  coal  has  been  known  in  Rhode  Island  for  150  years  or  more  and 
during  the  last  100  years  scores  of  attempts  have  been  made  to  mine 
it  commercially  in  many  places.  With  one  exception  these  attempts 
have  not  had  marked  success  and  most  of  the  mines  have  been  aban- 
doned within  three  years.  The  one  company  which  attained  a  meas- 
ure of  success  mined  the  anthracite  for  over  20  years  and  used  it  in  the 
smelting  of  copper  ores.  The  location  of  the  anthracite  on  tidewater 
and  near  the  large  manufacturing  establishments  of  New  England  has 
seemed  to  give  it  an  advantage  over  other  coals  for  use  in  that  area 
and  this  apparent  advantage  has  led  to  the  repeated  attempts  to 
utilize  it.  Unfortunately  many  of  these  attempts  at  exploitation 
appear  to  have  been  merely  excuses  for  the  organization  of  corpora- 
tions for  the  sole  purpose  of  the  sale  of  stock. 

In  response  to  numerous  inquiries  for  information  in  r^ard  to 
Rhode  Island  coal  and  its  value,  the  writer  visited  the  field  in  October, 
1913,  and  has  prepared  a  bulletin  bringing  together  in  detail  all  the 
data  available  bearing  on  the  past  utilization  of  the  coal,  its  chemical 

&  Althoo^  the  work  described  In  this  paper  was  done  tn  1913,  on  account  of  the  unaToidable  delay  In  the 
pubUoatkm  of  the  vohime  tor  that  year  thb  paper  has  been  included  In  the  vohime  for  1012. 
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composition,  results  of  tests  under  steam  boilers  and  in  house-heating 
furnaces,  in  the  making  of  briquets,  and  in  the  manufacture  of  pro- 
ducer gas.  The  bulletin,  which  will  give  all  the  data,  together  with  a 
discussion  of  their  meaning,  will  require  several  months  for  com- 
pletion and  pubtication,  so  that  this  prehminary  statement  is  made 
to  meet  immediate  demands  and  inquiries. 

liOCATION  OF  THE  COAIj  FIELD. 

The  location  of  the  Rhode  Island  coal  field  and  the  places  at  which 
the  coal  has  been  mined  are  shown  by  the  sketch  map  (PI.  VUl,  p.  162) . 
The  field  occupies  a  structural  basin  whose  axis  extends  from  New- 
port northward  up  Narragansett  Bay  to  a  point  west  of  Warren, 
thence  northeastward  into  Massachusetts,  past  Taunton  and  Bridge- 
water  to  Hanov^  Foiu*  Comers,  within  6  miles  of  Massachusetts  Bay. 
It  underUes  practically  the  whole  of  Narragansett  Bay.  The  west 
boundary  Ues  several  miles  west  of  the  bay  and  extends  north  to  the 
west  of  Providence,  Pawtucket,  and  Diamond  HiU,  then  turns  east- 
ward and  passes  north  of  Mansfield  and  Brockton.  The  eastern 
boimdary  Ues  east  of  Sakonnet  and  Taunton  rivers,  then  swings 
eastward  to  include  an  area  about  Middleboro.  The  locations  of 
anthracite  mines  and  prospects  are  shown  on  the  map.  Recent  work 
has  been  confined  lo  three  places — Portsmouth,  Cranston,  and  Fenners 
Ledge. 

THE  BOCKS   OF  THE  AREA. 

The  rocks  of  this  basin  consist  of  shale,  slate,  sandstone,  and  con- 
glomerate and  have  a  total  estimated  thickness  in  the  center  of  the 
basin  of  more  than  10,000  feet.  The  anthracite  beds  are  as  a  rule 
associated  with  shale  interbedded  with  sandstone.  In  parts  of  the 
field  the  rocks  are  considerably  metamorphosed,  shale  being  changed 
to  slate  and  sandstone  to  quartzite,  and  in  places  the  conglomerate 
pebbles  have  been  distorted  by  pressure. 

This  field  is  not  a  regular  simple  basin,  but  contains  basins,  or  syn- 
olines,  and  anticlines  within  its  limits.  In  parts  of  the  field  the  rocks 
have  been  closely  folded  and  faulted. 

THE  ANTHRACITE  BEDS. 

In  the  great  thickness  of  shale  and  sandstone  there  are  many  layers 
of  carbonaceous  shale  and  locally  beds  of  anthracite.  Little  is  yet 
known  of  the  extent  of  these  beds.  At  Portsmouth  a  single  bed  has 
been  followed  on  the  surface  and  underground  for  several  thousand 
feet,  and  near  Providence  a  carbonaceous  belt,  containing  10  or  more 
beds  of  anthracite  or  graphite,  has  been  traced  with  interruptions 
from  the  vicinity  of  the  boys'  school  at  Sockanosset  northward,  west 
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of  Providence  and  Pawtucket,  to  a  point  beyond  Valley  Falls. 
Whether  or  not  any  single  bed  has  such  an  ext^t  is  not  known. 

The  thickness  of  individual  beds  can  only  be  assumed  by  averaging 
a  laige  number  of  measurements.  Such  measurements  may  show 
from  a  few  inches  to  20  feet;  but  it  is  evident  that  where  the  anthra- 
cite is  thicker  it  has  become  so  by  being  squeezed  in  from  adjacent 
areas  in  which  it  is  thin.  From  measurements  where  the  anthracite 
has  been  most  extensively  mined  the  original  thickness  of  the  beds 
seems  to  have  been  small,  probably  not  over  2  or  3  feet,  and  most  of 
the  beds  appear  to  have  been  much  thinner.  Wider  knowledge  will 
possibly  reveal  thicker  average  anthracite  than  now  appears,  although 
the  opposite  is  anticipated.  Layers  of  coaly  shale  of  much  greater 
thickness  are  found. 

The  coal  beds  have  been  folded  with  the  other  rocks,  so  that  the 

anthracite  generally  pitches  downward  at  steep  angles  or  in  places 

stands  vertical,  but  as  it  is  softer  and  less  resistant  than  the  other 

rocks  it  has  not  only  been  folded,  but  has  yielded  to  the  pressure 

which  folded  the  other  rocks  and  has  been  squeezed  out  from  points 

of  greatest  pressure  and  accumulated  at  points  of  less  pressure  as 

plastic  clay  may  be  squeezed  through  the  fingers.    This  squeezing 

gives  rise  to  irregular  lenses,  many  of  them  20  feet  thick,  the  average 

thickness  in  the  Portsmouth  mine  being  between  4  and  "5  feet. 

These  lenses  are  separated  by  wide  areas  of  thin  anthracite,  where 

the  bed  may  be  only  a  few  inches  thick  or  may  be  pinched  out 

entirely. 

THE  ANTHRACITB, 

PHYSICAL  COBLAJLAOTEB. 

The  coal  is  a  graphitic  anthracite,  high  in  ash  and  moisture,  which 
has  been  changed  locally  to  graphite  that  contains  a  high  percentage 
of  ash.  Structurally  it  has  been  much  changed  by  the  pressure. 
At  Portsmouth  it  breaks  down  into  rhombs  of  all  sizes.  At  Cranston 
and  Fenners  Ledge  the  pressure  appears  to  have  squeezed  it  into 
flakes  with  smooth  faces  that  feel  greasy  and  are  apparently  coated 
with  graphite.  The  anthracite  ranges  in  color  from  steel-gray  to 
dull  black,  commonly  having  a  bluish  cast,  so  that  much  of  it  has 
little  resemblance  to  the  well-known  forms  of  coal.  The  faces  of  the 
coal  that  have  apparently  been  rubbed  in  the  squeezing  are  here  and 
there  covered  with  a  thin  film  of  quartz,  which  in  many  places  even 
attains  a  thickness  of  an  inch  or  more.  The  anthracite  is  very 
heavy,  its  specific  gravity  being  1.65  to  2.45  as  against  1.43  for 
Pennsylvania  anthracite  and  1.30  to  1.35  for  the  better  known  semi- 
bituminous  and  bituminous  coals.  It  has  generally  been  considered 
that  coals  of  such  high  specific  gravities  can  not  be  used  for  fuel. 
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An&ljmis  of  the  anthracite  shows  it  to  contun  from  42  to  78  per 
cent  of  fixed  carbon,  from  2.3  to  4  per  cent  of  volatile  matter,  from 
13  to  33  per  cent  of  ash,  from  4.5  to  23  per  cent  of  moisture,  and 
from  0.03  to  1.34  per  crait  of  sulphur.  The  cdorific  value  ranges 
from  6,000  to  11,000  British  thermal  units,  and  averages  about  9,000. 

The  accompanying  table  gives  the  analyses  of  a  number  of  mine 
samples,  properly  sampled  and  analyzed  by  the  Bureau  of  Mines. 

Atialyta  afeoal  tampUtJrom  lAe  Rhode  Iiland  anOmciU  eoalfiebt. 
Ilbd*  U  tte  PHtibanb  UbantDTT  or  tbe  Bnmu  of  IfidM,  A.  C.  Ffcldiwr,  cbemiit  In  ehttsB.*] 
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Analym  o/  cool  tamplti  from  tht  Bhodt  ItUmd  OTilhraciU  coalfield — Continued. 
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■  A,  Mol  ■*  iMcdTMl  B,  tlHlilMl  ooali  C,  molatart-ftM  ooal;  D.ooaKnalrom  molslam  BDd  tab. 

No.  9328:  Portstnoutb,  Fortamoiilli  mine  at  Manhalle  Landing;  heading  1,150  feet 
aoutli  of  south  Hhkft  in  900-foot  gallery,  500  feet  vertical  depth.  Sampled  by  C.  W. 
Brown. 

No.  9329:  Bame  mine;  aouth  slope,  on  SOO-foot  level,  1,200  feet  south  of  main  elope, 
"Middle"  6-foot  bed.    Sampled  by  C.  W.  Brown. 

No.  9330:  Some  mine;  69  feet  south  of  north  shaft,  150  feet  vertical  depth,  27)-inch 
bed,  weathered.    Sampled  by  N.  C.  Dole  and  J.  C.  Martin. 

No.  9331:  Some  mine;  900  feet  north  of  north  shaft  at  heading  in  gallery,  23-inch 
bed.    Bamptied  by  N.  C.  Dale  and  J.  C.  Martin. 

No. 9335:  Some  mine;  north  slope,  324  feet  south  and  70  feet  east  of  landing,  on  main 
slope.    Sampled  by  C.  A.  Fisher. 

No.  9336:  Same  mine;  south  slope,  £00  feet  south  of  west  end  of  crosscut  heading 
feom  600-foot  level  of  main  bed,  "Back  bed."    Sampled  by  C,  A,  Fisher. 

No.  9337:  Same  mine;  800-foot  level,  250  feet  south  of  main  slope.  Sampled  by 
C.  A.  Fisher. 

No.  9338:  Same  mine;  600-foot  level,  1,200  feet  south  of  main  elope.  Sampled  by 
C.  A.  Fieher. 

Nofl.  7769-7772:.  Cranston  (new  Providence),  Cranston  mine,  pit  in  outcrop.  Sam- 
pler unknown. 

In  comparison  with  the^e  reeulte,  Pennsylvania  anthracite  ranges 
from  12,000  to  13,500  British  thermal  units,  whereas  Pocahontas  and 
other  semibituminous  and  bituminous  coals  now  being  shipped  into 
New  England  yield  from  14,000  to  15,000  British  thermal  unita.  In 
genera!  the  colorific  value  of  Rhode  Island  anthracit«  is  from  40  to  80 
per  cent  of  the  calorific  value  of  coals  with  which  it  must  compete. 
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STBAMINa  TESTS. 

A  number  o'f  detailed  test  nine  have  been  made  with  Rhode  Island 
anthracite,  both  alone  and  briquetted  with  other  coak.  In  a  run  at 
the  Providence  waterworks  pumping  plant  in  1874  this  anthracite 
gave  an  efficiency  of  72  per  cent  of  Lackawanna  anthracite.  The  run 
waa  continued  for  ^me  time,  apparently  imder  the  direct  auperviaion 
of  a  representative  of  the  coal  company.  Test  runa  imder  standard 
conditions  on  carload  lota,  by  the  Bureau  of  Minea,  gave  reaulta  very 
closely  in  accord  with  the  relative  heating  value  of  the  coal  as  ahown 
by  the  analyses.  For  example,  test  401  by  the  Bureau  of  Mines  ^  gave 
for  Rhode  Island  anthracite  117.1  horsepower  as  compared  with  239.2 
for  Geoiges  Creek  (Md.)  coal,  213  for  Pocahontas,  213  for  New  River, 
and  211  for  Ki^awha.  The  same  test  gave  the  equivalent  evapora- 
tion from  and  at  212®  F.  of  4.81  pounds  of  water  per  pound  of  fuel, 
as  compared  with  9.87  for  Georges  Creek  coal,  10.12  for  Cambria 
County  (Pa.)  coal,  8.01  for  Pennsylvania  anthracite  culm,  8.49  for 
Pocahontas,  9.88  for  New  River,  and  9.11  for  Kanawha.  The  figures 
given  for  other  coals  are  selected  from  a  large  number  as  fair  aver- 
ages, as  will  be  shown  in  the  bulletin  that  is  to  follow.  In  general 
the  results  with  Rhode  Island  anthracite  gave  from  50  to  70  per  cent 
of  the  efficiency  of  the  high-grade  sertiibituminous  coal  with  which  it 
must  compete. 

In  addition  to  its  low  efficiency,  the  anthracite  ignites  slowly  and 
with  difficulty,  usually  popping  so  as  to  be  thrown  out  of  the  fire  box. 
When  once  ignited  it  bums  with  a  very  hot  flame  for  a  short  time, 
tending  to  destroy  furnace  linings  and  stove  tops  and  making  a  diffi- 
cult fire  to  handle.  The  ignition  and  burning  are  improved  somewhat 
by  breaking  it  down  fine  and  carefully  screening  and  drying  imder 
cover. 

HOUSEHOLD  USE. 

Tests  in  household  boilers  by  the  Bureau  of  Mines  gave  results  in 
close  accord  with  the  figures  obtained  from  steaming  tests.  Although 
the  anthracite  has  been  used  to  a  small  extent  at  the  mines  and  in  the 
surrounding  country  for  many  years,  most  of  the  people,  even  in  the 
neighborhood,  prefer  Pennsylvania  anthracite,  for  which  they  have 
had  to  pay  from  one  and  a  half  to  two  times  the  price  of  anthracite 
from  the  local  mines. 

BBIQ U EITINO  TESTS. 

Two  commercial  attempts  have  been  made  to  briquet  Rhode  Island 
anthracite  without  financial  success.  The  Bureau  of  Mines  conducted 
some  tests,  using  mixtures  of  Rhode  Island  anthracite  with  other 

1  Breckenridge,  L.  P.,  and  others,  Stoaming  tests  of  coals:  Bur.  Mines  BuQ.  23,  pp.  116-120, 1912» 
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coals  and  6  per  cent  of  hard  pitch.  Some  of  the  briquets  were  of 
good  quality.  The  pitch  binder  was  found  to  yield  abundant  smoke 
in  the  low-temperature  fire  of  the  household  furnace,  but  in  the  steam 
furnace  the  briquets  gave  better  results,  yielding  from  163  to  191 
horsepower  in  comparison  with  the  figures  given  above,  and  equivar 
lent  evaporation  of  4.95  to  8.36  poimds  of  water  as  compared  with  the 
figures  for  evaporation  given  above. 

# 

HETALLX7BOI0  U8B. 

In  the  past  Rhode  Island  anthracite  has  been  used  successfully  in 
the  smelting  of  copper  and  iron.  At  one  time  it  was  even  shipped  to 
Pittsburgh.  It  has  not,  however,  been  used  for  this  purpose  during 
the  last  30  years  and  it  does  not  seem  probable  that  it  could  compete 
with  coke  for  use  in  the  modem  blast  furnace. 

USB  B7  OONVBBSZON  INTO  QAS. 

It  has  long  been  hoped  that  Rhode  Island  anthracite  could  be  suc- 
cessfully used  at  the  mine  for  making  water  gas  or  producer  gas,  which 
could  be  used  locally  in  manufactiuing  or  in  the  generation  of  elec- 
tricity by  the  gas  engine  for  transmission  to  Providence,  Boston,  and 
other  neighboring  cities  and  towns.  A  number  of  careful  tests  of 
such  use  have  been  made  by  the  Bureau  of  Mines.  One  of  these 
tests  failed  entirely.  Others  gave  results  ranging  from  one-foiu*th 
to  one-third  of  the  power  to  be  derived  from  Pocahontas  coal  under 
similar  conditions.  A  study  of  the  tQsts  leads  to  the  belief  that 
with  specially  devised  apparatus  probably  half  the  power  equivalent 
obtained  from  the  other  coals  could  be  procured.  In  other  words, 
in  order  to  compete  with  Pocahontas  coal  in  Providence,  it  would  be 
necessary  to  mine  and  deliver  Rhode  Island  anthracite  at  a  gas  plant 
at  the  mine  for  less  than  one-half  the  price  of  bitimiinous  or  semibitu- 
minous  coal  at  Providence.  In  October,  1913,  the  wholesale  price  of 
Pocahontas  coal  at  Providence  was  imder  S4  a  ton.  Experience 
seems  to  show  that  the  cost  of  mining  Rhode  Island  anthracite  on  a 
large  scale,  under  the  peculiar  conditions  of  its  occurrence,  will  not 
be  less  than  $2.50  a  ton.  As  the  figures  just  given  seem  to  be  pro- 
hibitive, it  is  suggested  that  on  account  of  the  nongaseous  character 
of  the  anthracite  it  might  be  converted  into  water  gas  or  producer 
gas  in  chambers  in  the  mine,  and  the  gas  might  be  delivered  to  a  gas 
engine  at  the  surface  cheaply  enough  to  compete  with  other  coals  at 
points  of  distribution,  provided  that  the  beds  are  regular  enough  in 
thickness  and  have  sufficient  extent  not  to  raise  the  price  of  mining 
beyond  the  figures  cited. 

In  general  the  detailed  figures  given  in  the  bulletin  now  in  prepara- 
tion show  conclusively  that  Rhode  Island  anthracite  is  difficult  to 
handle  and  that  the  cost  of  handling,  on  account  of  the  large  amount 
aw— Bull.  541—14 11 
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required  to  produce  a  given  amount  of  heat  and  the  higher  percent- 
age of  ash,  will  be  greater  than  that  of  other  coals,  and  further,  that 
when  burned  it  can  produce  only  from  40  to  80  per  cent  of  the  heat 
units  produced  by  tiie  coals  with  which  it  necessarily  must  compete. 
In  general  it  may  be  said  to  show  about  two-thirds  the  heat  value 
of  Pocahontas  coal  and  when  to  this  is  added  the  extra  cost  of  han- 
dling the  coal  and  ash,  it  may  be  estimated  that  1  ton  of  Rhode 
Island  anthracite  will  yield  not  over  one-half  the  heat  value,  on  the 
dollar  basis,  of  Pocahontas  coal. 


OOKING  GOAL  IN  POWELL  MOUNTAIN,  SCOTT  COUNTY, 

VIRGINIA. 


By  Marius  R.  Campbell. 


As  a  recent  test  has  shown  that  coal  from  the  MUner  mine  on 
Stony  Creek  on  the  south  side  of  Powell  Moimtain,  Scott  County, 
Va.,  will  make  an  excellent  coke,  the  United  States  Geological  Survey 
desires  to  publish  the  fact  in  order  to  correct  the  statement  in  a 
previous  report  ^  "that  most  of  the  coals  of  this  field  will  coke  with 
difficulty,  if  at  all." 

In  April,  1910,  the  Powell  Mountain  coal  field  was  examined  by 
E.  G.  Woodruff  and  the  writer  for  the  purpose  of  determining  the 
extent  and  thickness  of  the  coal  beds  and  the  quality  of  the  coal,  as 
a  previous  report '  by  the  writer  had  not  been  very  complimentary 
to  the  field.  In  making  the  examination,  all  the  coals  were  subjected 
to  the  Pishel  test  for  coking.  This  consists  in  pulverizing  some  of 
the  fresh  coal  in  an  agate  mortar.  If  the  fine  coal  adheres  to  the 
mortar  and  pestle  it  is  regarded  as  possessing  coking  properties,  but 
if  it  leaves  the  mortar  and  pestle  free  and  clear  it  is  supposed  not 
to  possess  such  properties  and  to  be  of  the  ordinary  noncoking  variety. 

As  this  test  had  been  appUed  to  several  hundred  different  samples 
of  coal  with  satisfactory  results  it  was  regarded  at  that  time  as  a 
conclusive  indication  of  coking  or  noncoking  character.  Accord- 
ingly in  the  paper  giving  the  results  of  the  field  examination '  the 
following  statement  was  made  regarding  the  coking  quality  of  the 
coal: 

It  is  reported  that  the  Duncan  coal  from  Coalpit  Branch  will  coke  in  an  open  fire, 
but  80  far  as  known  this  is  the  only  coal  in  Powell  Mountain  that  has  this  property. 
When  the  Piahel  test  is  applied  the  Duncan  coal  shows  some  adhesion  to  the  mortar 
and  so  will  probably  coke,  but  the  Milner  coal  shows  no  such  tendency,  nor  does  any 
other  that  was  tried.  From  this  it  is  concluded  that  the  most  of  the  coal  of  this  field 
will  coke  with  difficulty,  if  at  all. 

Since  the  pubUcation  of  the  statement  given  above,  reports  have 
been  current  that  certain  coking  coals  of  the  central  Appalachian 

1  Campbell,  M.  R.,  and  Woodrafl,  £.  O.,  The  Powell  Moantain  coal  field,  Scott  and  Wise  counties,  Va.: 
tJ.  8.  Qeol.  Sonrey  BoU.  iZl,pp.  147-162, 1011. 

1  Campbell,  M.  R.,  Geology  of  the  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky:  V.  S.  Qeol.  Sur- 
vey Bull.  Ill,  pp.  40  and  03, 1803. 

>  Campbell,  M.  R.,  and  Woodruff,  E.  O.,  op.  cit.,  p.  162. 
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field  showed  no  adhesion  to  the  mortar  when  subjected  to  the  Pishel 
test,  and  the  owner  of  the  Mihier  mine  also  claimed,  that  despite  the 
negative  results  obtained  by  the  Pishel  test,  his  coal  would  make 
excellent  coke. 

In  order  to  test  the  matter  thoroughly  so  that  the  exact  value  of 
the  Pishel  test  could  be  determined;  and  also  to  correct  if  necessary 
any  statement  that  had  previously  been  made  regarding  the  non- 
coldng  quality  of  this  coal,  T.  K.  Hamsbei^er,  geologic  aid  and 
member  of  the  Virginia  State  Geological  Survey,  who  was  working 
in  the  vicinity,  visited  the  Powell  Mountain  field  in  November,  1913, 
and  made  a  thorough  practical  test  of  the  coal.  In  company  with 
an  engineer  representing  the  owner,  Mr.  Hamsberger  went  to  the 
Milner  mine  on  the  Moimtain  Fork  of  Stony  Greek  and  procured  a 
sample  for  the  test.  The  coal  was  broken  to  about  one-half  inch, 
although  some  lumps  were  1  inch  in  diameter.  Two  nail  kegs  were 
filled  and  headed,  the  total  weight  of  the  coal  being  about  110  pounds. 
These  samples  were  shipped  by  Mr.  Hamsberger  to  Goebum,  where 
a  test  was  made  under  his  supervision  in  an  oven  belonging  to  the 
"V^iginia  Iron,  Goal  &  Goke  Go.  The  kegs  were  placed  in  a  14-foot 
oven  about  3  feet  apart  and  4  feet  from  the  door.  The  charge  was 
coked  for  70  hours,  producing  a  fine  hard  silvery  coke  that  compares 
favorably  with  coke  from  the  GonnellsviUe  district. 

The  result  shows  clearly  that  the  coal  in  the  Milner  mine  is  a  good 
coking  coal  and  that  the  Pishel  test  is  not  a  reliable  test  of  certain 
coals  in  the  central  Appalachian  region. 


THE  COAL  RESOUECES  AND  GENERAL  GEOLOGY  OF  THE 
POUND  QUADRANGLE  OF  YIRGINU  AND  KENTUCKY.* 


By  Chables  Butts. 


INTRODUCTION. 

The  Pound  quadrangle  includes  parts  of  Pike  and  Letcher  coun- 
ties, Ky.,  and  of  Wise  and  Dickenson  counties,  Va.  It  is  located  a 
few  miles  northwest  of  the  Toms  Creek  coal  field,  in  the  territory 
between  the  great  Pocahontas  coal  fietd  on  the  northeast  and  the 
Big  Stone  Gap  field  on  the  southwest.  Until  recently  the  region  was 
entirely  undeveloped,  and  little  information  concerning  it  was  avail- 
able. It  has  not,  however,  escaped  the  attention  of  the  coal  operators, 
and  some  of  the  largest  corporations  have  acquired  lands  in  this 
region  with  a  view  to  active  developmjBnt.  Within  the  past  three  years 
railroad  communication  has  been  established  with  the  outside  world, 
and  in  the  Kentucky  area  14  shipping  mines  are  in  active  operation. 
In  the  Virginia  area  only  one  large  mine  has  been  operated,  but 
doubtless  others ^will  be  opened  in  the  near  future. 

The  number  of  coal  beds  in  the  quadrangle  is  probably  greater 
than  elsewhere  in  the  Appalachian  coal  field  and  in  the  thickness  and 
extent  of  its  beds  the  area  will  compare  favorably  with  most  others  in 
that  field.  These  factors,  combined  with  the  excellent  quaUty  of 
the  coal,  insure  the  field  a  prominent  place  among  the  future  fuel- 
producing  centers  of  the  Appalachian  province. 

The  survey  of  the  Virginia  portion  of  the  Pound  quadrangle  was 
carried  on  jointly  by  the  United  States  Geological  Survey  and  the 
Virginia  Geological  Survey.  The  United  States  Geological  Survey 
had  charge  of  all  field  work,  but  it  was  ably  assisted  by  men  and 
money  supplied  by  the  State  organization.  The  Kentucky  portion 
was  examined  by  the  United  States  Geological  Survey  only.  An 
accurately  contoured  topographic  map  of  the  quadrangle  was  made 
and  this  will  soon  be  ready  for  distribution. 

In  the  survey  of  the  Virginia  area  the  writer  was  assisted  by  D.  D. 
Condit  and  W.  A.  Nelson,  who  represented  the  Virginia  State  Survey. 
The  Qinchfield  Coal  Corporation,  which  has  extensive  holdings  in 
Wise,  Dickenson,  Buchanan,  and  Russell  counties,  Va.,  has  con- 

1  The  Virginia  portion  of  the  ana  was  suryeyed  in  cooperation  with  the  Btate  Geological  Survey. 
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tributed  valuable  data,  such  as  triangulation  surreTs,  surreys  of  coal 
outcrops,  and  diamond-drill  borings.  Extensive  prospectii^  by  this 
company  has  opened  several  of  the  more  important  coal  beds  to 
more  thorough  examination.  The  Consolidation  Coal  Co.,  operating 
in  Kentucky,  and  the  "Virginia  Coal  &  Iron  Co.,  operating  in  '^rginia, 
have  also  made  many  openings  and  have  contributed  maps  of  out- 
crops  and  maps  of  triangulation  surveys  which  have  been  of  great 


assistance.  The  Estillville  and  Bristol  folios  of  the  Geologic  Atlas  of 
the  United  States,  by  M.  R.  Campbell,  and  Bulletin  348  of  the 
United  States  Geological  Survey,  by  R.  W.  Stone,  have  also  beai 
drawn  upon  for  material  that  could  be  [used  in  the  preparation  of 
this  report. 

As  shown  by  the  map  (fig.  6),  the  Found  quadrangle,  which  coin- 
cides with  the  southeastern  quarter  of  the  old  Whitesburg  SO-minute 
quadrangle,  hes  partly  in  eastern  Kentucky  and  partly  in  south- 
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weBtem  '^u'ginia.  The  line  between  the  two  States  follows  the  crest 
of  Pine  Mountain  nearly  to  the  western  boundary  of  the  quadrangle, 
where  it  turns  south  along  the  watershed  between  Cumberland  and 
Pound  rivers.  The  quadrangle  is  bounded  by  parallels  37^  and 
37''  16',  and  by  meridians  82^  30'  and  82''  45'.  Its  area  is  about  240 
square  miles  and  it  lies  entirely  in  the  Appalachian  coal  region. 

TOPOGRAPHY. 


The  surface  of  the  coimtry  is  hilly  or  even  moimtainous,  the 
maximum  range  of  altitude  from  Poimd  River  to  Black  Mountain 
being  2,300  feet.  Pine  Moimtain,  with  peaks  rising  3,500  feet  above  sea 
level,  crosses  the  northern  half  of  the  area  from  northeast  to  south- 
west, and  Black  Moimtain,  whose  summit  is  about  3,800  feet  above 
sea  level,  1 ,800  feet  above  Roaring  Fork,  and  1 ,550  feet  above  Guest 
River,  lies  in  the  southwestern  part  of  the  quadrangle.  These 
moimtains  are  the  dominant  features  of  the  region.  Buck  Eoiob  and 
Bowlecamp  Eiiob,  at  an  altitude  of  about  1,500  feet  above  Indian 
Creek,  are  also  striking  objects  in  the  landscape. 

The  northwest  slope  of  Pine  Mountain  is  an  escarpment  1,500  to 
2,000  feet  high,  and  as  the  crest  is  scarcely  a  mile  from  the  valleys  at 
the  foot  of  the  slope  a  very  bold  and  striking  front  is  presented.  The 
southeast  slope  of  the  moimtain,  approximately  a  dip  slope  on  the 
Lee  formation,  is  more  gentle,  the  total  descent  being  somewhat  less 
and  the  distance  to  the  foot  nearly  twice  as  great  as  it  is  on  the  oppo- 
site side  of  the  moimtain. 

The  quadrangle  is  deeply  dissected  by  the  streams,  the  valleys  of 
which  are  deep,  narrow,  and  Vnshaped.  The  slopes  are  very  steep 
and  rise  500  to  1,000  feet  to  the  ridge  crests,  which  are  narrow,  com- 
monly only  a  few  feet  broad,  and  at  many  points  capped  with  heavy 
cliff-forming  sandstone.  Even  the  larger  streams  have  very  narrow 
flood  plains,  and  some  of  them  none  at  all.  Probably  a  liberal  esti- 
mate of  the  area  of  flat  land  would  be  5  per  cent  of  the  total  area  of 
the  quadrangle.  The  ridges  and  valleys  are  arranged  in  an  irregular 
pattern  over  most  of  the  area  that  lies  in  Virginia,  but  in  the  Kentucky 
area  a  radial  arrangement  of  the  main  ridges  about  the  higher  knobs 
as  centers  prevails. 

DRAINAaE. 

The  principal  streams  of  the  quadrangle  in  Virginia  are  Pound  River, 
including  North  and  South  forks,  which  traverses  the  quadrangle 
from  southwest  to  northeast  near  the  middle ;  Roaring  Fork,  Powell 
River^  and  Guest  River  in  the  southwestern  part;  Indian  Creek,  which 
traverses  the  middle  of  the  southern  part  of  the  quadrangle  in  a  due 
north  direction  and  joins  Pound  River  at  Pound;  and  Birchfield 
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Creek  in  the  southeastern  part,  which  joins  Cranesnest  Biver  just 
beyond  the  eastern  margin  of  the  quadrangle,  that  stream  being  a 
tributary  of  Pound  River. 

In  Kentucky,  Elkhom  Creek  in  the  northeastern  part  flows  north- 
east and  joins  Big  Sandy  River  at  Elkhom  City,  several  miles  north- 
east of  the  quadrangle;  North  Fork  of  Kentucky  River  and  Boone 
Fork  traverse  the  western  part  and  Beefhide  and  Shelby  creeks  the 
northern  part  of  the  quadrangle. 

Pound  River  is  the  largest  stream.  It  is  doubtful  whether  the 
smaller  streams  or  even  Pound  River  carries  much  water  in  times  of 
prolonged  drought. 

The  Pound  quadrangle  includes  parts  of  four  drainage  basins.  The 
area  drained  by  Pound  River  and  its  tributaries,  including  Indian 
and  Birchfield  creeks,  in  Virginia,  and  by  Elkhom,  Shelby,  and  Beef- 
hide  creeks,  in  Kentucky,  belongs  to  the  Ohio-Big  Sandy  basin ;  that 
drained  by  Guest  and  Powell  rivers  to  the  Tennessee-Clindi  basin; 
that  drained  by  Poor  Fork  of  Cumberland  River,  comprising  a  small 
area  on  the  west  side,  belongs  to  the  Ohio -Cumberland  basin;  and 
that  drained  by  North  Fork  of  Kentucky  River,  Boone,  Fish,  and 
Rockhouse  creeks  belongs  to  the  Ohio-Kentucky  basin. 

AOCESSIBIUTY. 

In  a  potential  minmg  country  such  as  this,  the  matter  of  transpor- 
tation, and  consequently  the  conditions  affecting  raihx)ad  construe^ 
tion,  are  of  great  importance.  The  nearest  main  lines  of  railroad  are 
the  Norfolk  &  Western  Railway  and  the  Louisville  &  Nashville  Rail- 
road at  Norton,  Ya.,  about  4  miles  south  of  the  quadrangle;  the  Louis- 
ville &  Nashville  Railroad  at  PineviUe,  Ky. ;  the  Chesapeake  &  Ohio 
Railway  along  Big  Sandy  River  in  Kentucky;  and  the  Carolina, 
Clinchfield  &  Ohio  Railway,  now  being  extended  from  Dante,  Va., 
to  Elkhom  City,  Ky.,  near  the  "Breaks  of  Sandy." 

The  Kentucky  part  of  the  quadrangle  has  recently  been  brought 
into  communication  with  the  outside  world  by  the  extension  of  the 
Lexington  &  Eastern  Railway  into  the  territory,  with  terminus  at 
McRoberts,  and  by  the  Sandy  Valley  &  Elkhom  Railway,  running 
from  Shelbiana  (Shelby  station),  on  the  Chesapeake  &  Ohio  Railway, 
to  Jenkins.  Owing  to  the  obstacle  to  transportation  presented  by 
Pine  Mountain  these  railroads  can  be  of  little  service  to  the  Virginia 
port  of  the  quadrangle  except  for  travel  and  light  traffic. 

The  port  of  the  quadrangle  that  lies  in  Virginia  is  still  poorly  pro- 
vided with  transportation  facilities.  The  territory  drained  by  Quest 
River  could  easily  be  reached  by  railroad  from  Norton,  but  the  Poimd 
River  drainage  area  presents  serious  obstacles  to  railroad  construc- 
tion. To  build  a  railroad  from  the  south  would  involve  steep  grades 
or  an  expensive  tunnel  at  the  bead  of  Indian  Creek.     The  railroad 
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now  eodsting  along  Indian  Greek  is  a  narrow-gage  road  biiilt  to  haul 
logs  from  Pound  Rhrer  to  a  sawmill  at  Glamorgan,  where  it  connects 
with  the  standard-gage  road  to  Norton.  A  branch  line  from  the 
Carolina,  dinchfield  &  Ohio  Railway  up  Pomid  River  would,  on 
account  of  the  narrow  and  crooked  valley,  be  expensive  to  construct 
and  operate.  The  area  drained  by  the  upper  part  of  Pound  River 
and  its  tributary,  Indian  Greek,  could  perhaps  be  most  advantageously 
reached  by  a  line  from  the  Louisville  &  Nashville  Railroad  at  Pine- 
ville,  Ky.,  following  Cumberland  River  and  crossing  the  low  divide 
at  Flat  Gap.  Just  bqrond  the  southwest  comer  of  the  quadrangle 
a  railroad  is  in  operation  which  connects  with  the  Interstate  Rail- 
road at  Blackwood,  a  few  miles  to  the  south,  and  follows  Roaring  and 
Whitley  forks  to  the  Pardee  mine.  It  seems  perfectly  feasible  to 
build  a  spur  up  the  main  branch  of  Roaring  Fork  to  the  base  of  Black 
Mountain.  The  territory  tributary  to  Birchfield  Creek  and  Georges 
Fork  could  apparently  be  best  reached  from  the  Carolina,  dinchfield 
&  Ohio  Railway  along  Pound  and  Cranesnest  rivers. 

OEOIjOGT. 


DIVISIONS  OF  THE  BOOKS. 

The  rocks  that  outcrop  in  the  Pound  quadrangle  belong  to  the 
Devonian  and  Carboniferous  systems,  llie  Devonian  rocks,  the 
lowest  and  oldest  exposed  in  the  quadrangle,  outcrop  only  on  the 
west  escarpment  of  Pine  Mountain  in  Kentucky,  and  consist  of  about 
800  feet  of  dark  to  black  shale,  comprisiQg  the  black  Chattanooga 
shale  of  this  region  and  the  lower  part  of  the  Grainger  shale.  The 
Carboniferous  system  is  divided  iato  the  Mississippian  series  Gower 
Carboniferous)  below  and  the  Pennsylvanian  series  (upper  Car- 
boniferous or  ''Coal  Measures")  above.  Each  of  these  series  is 
made  up  of  a  munber  of  formations,  which  are  described  below. 

MISSISSIPPIAN  SEBDSS. 

The  Mississippian  series  in  this  area  is  1,500  to  1,600  feet  thick 
and  comprises,  in  ascending  order,  the  upper  part  of  the  Grainger 
shale,  the  Newman  limestone,  and  the  Pennington  shale.  The  upper 
or  Mississippian  part  of  the  Grainger  shale  is  composed  chiefly  of 
green  shale  and  brownish  sandstone,  but  in  the  upper  50  feet  there 
is  considerable  red  sandstone.  The  Mississippian  part  of  the  Grainger 
shale  appears  to  be  400  to  500  feet  thick.  It  is  succeeded  above  by 
the  Newman  limestone,  which  is  about  300  feet  in  thickness,  oolitic 
and  thick  bedded  in  the  lower  half,  but  thinner  bedded  and  continu- 
ing only  a  few  oolitic  layers  in  the  upper  half.  The  Newman  is  over- 
lain by  the  Pennington  shale,  which  is  about  800  feet  thick  and  is 
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composed  of  red  and  green  shale,  thin-bedded  fine-grained  green 
sandstone,  and  one  persistent  stratom  of  hard  sificeoas  sandstone 
100  feet  thick. 

The  MJRRiflRippian  rocks  outcrop  only  on  the  northwest  front  of 
Pine  Mountain  in  Kentucky,  and  dip  southeast  under  the  coal 
measures  in  ^iginia.  The  liiCssissippian  part  of  the  Grainger  shale 
is  exposed  on  the  Pound  Gap  road  and  also  on  the  Blowing  Bock 
road,  some  2  or  3  miles  northeast  of  the  east  maj^gin  of  the  quadran^e. 
The  red  sandstone  layers  are  especially  weU  shown  on  the  Blowing 
Rock  road  at  the  part  known  as  the  Red  Winds.  The  Newman 
limestone  is  exposed  on  the  Pound  Gap  road  and  outcrope  as  a  cliff 
for  much  of  the  distance  along  the  mountain  front.  Hie  Pennington 
shale  is  fairly  well  exposed  on  the  Pound  Gap  road  immediately  west 
of  the  summit.  Its  siliceous  sandstone  member  'outcrops  as  a  cliff 
near  the  road,  and  about  one-half  mile  north  of  the  road  it  makes 
another  diff,  known  as  the  Raven  Rock.  The  Pennington  was  pene- 
trated at  the  depth  of  about  2,000  feet  in  diamond-drill  boring  No.  1 
on  Cranesnest  River  near  the  mouth  of  lick  Fork,  a  short  distance 
east  of  the  quadrangle.     (See  PL  IX,  section  1.) 

PENNSTLVANIAN   SERIES   IN   THE   VIROINI4   ABEA. 

The  Pennsylvanian  series  in  the  Virginia  area  is  4,800  feet  thick 
and  consists  of  shale  and  sandstone  that  contain  46  or  more  coal 
beds.  These  rocks,  all  of  Pottsville  age,  were  divided  by  Campbell^ 
into  the  following  formations,  named  in  ascending  order:  Lee  forma- 
tion, Norton  formation,  Gladeville  sandstone,  Wise  formation,  and 
Harlan  sandstone.  The  character  of  the  rocks,  the  sequence  of 
formations,  and  the  number,  position,  and  succession  of  coal  beds 
are  shown  in  the  columnar  section  accompanyiog  this  report  (PL 
XI,  p.  68).  This  section  is  partly  generalized,  but  the  section  of  the 
Lee  is  taken  from  the  log  of  a  bore  hole  on  Cranesnest  River,  just 
outside  the  east  maxgin  of  the  quadrangle,  and  the  part  of  the  sec- 
tion of  the  Wise  foimation  above  the  Boiling  (5-foot)  coal  beds  and 
the  section  of  the  Harlan  sandstone  were  measured  at  the  head  of 
South  Fork  of  Poimd  River,  the  section  extending  from  the  base 
of  Black  Mountain  to  the  smnmit.  The  Black  Mountain  section 
of  the  Pennsylvanian  is  probably  the  thickest  in  the  Appaladiian 
province  outside  of  the  Coosa  and  Cahaba  troughs  in  Alabama. 

LES  FOBMATIOV. 

The  Lee  formation,  as  delimited  by  the  writer  in  the  well  boring 
on  Cranesnest  River  (PI.  IX,  section  1),  is  1,030  feet  thick.  It  is 
predominantly  sandstone,  which  at  the  top  and  bottom  of  the  foir- 

i  Campbell,  M.  R.,  Geology  of  the  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky:  U.  8.  Oed.  Smrqr 
Bnn.  Ill,  pp.  83-36, 1808. 
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mation  is  conglomeratic.  At  the  base  lies  about  230  feet  of  massive 
conglomeratic  sandstone,  which  forms  the  crest  of  Pine  Momitain, 
where  it  outcrops  for  long  distances  as  a  diff.  Above  the  basal 
sandstone  occurs  250  feet  of  alternating  shale  and  sandstone,  in 
which  there  are  six  coal  beds  at  about  equal  stratigraphic  intervals 
and  from  6  inches  to  2  feet  2  inches  thick.  Three  of  Uiese  beds  are 
workable,  being  1  foot  2  inches,  1  foot  6  inches,  and  2  feet  2  inches 
thick.  Above  this  group  of  coal  beds  the  well  log  shows  550  feet 
of  sandstone  containing  a  coal  bed  2  inches  thick  225  feet  above  its 
base  and  a  bed  1  foot  7  inches  thick  400  feet  above  its  base,  the 
two  beds  being  700  and  875  feet,  respectively,  above  the  bottom  of 
the  formation.  The  upper  160  feet  of  the  Lee  is  a  hard  siliceous 
conglomeratic  sandstone,  the  pebbles  being  small  and  scattered. 
This  stratum,  which  dips  southeastward,  forms  the  lower  part  of 
the  southeast  slope  of  Pine  Moimtain,  and  its  outcrop  on  the  slope  is 
marked  by  a  subordinate  ridge  or  line  of  knobs  parallel  with  the  gen- 
eral direction  of  the  crest  of  the  mountain. 

The  Lee  formation  outcrops  in  a  zone  about  2  miles  wide,  which 
extends  diagonally  across  the  quadrangle  from  the  northeast  comer. 
Its  base  forms  the  crest  of  Pine  Mountain,  and,  owing  to  the  south- 
eastward dip,  the  outcrops  of  successively  higher  beds  of  the  forma- 
tion are  encoimtered  on  the  descent  of  the  southeast  slope.  In  reality 
the  presence  of  a  moimtain  ridge  here  is  determined  by  the  inclined 
beds  of  this  hard  resistant  sandstone  and  conglomerate.  Besides  this 
main  area  of  outcrop  the  Lee  is  exposed  in  a  long,  narrow  outcrop 
low  down  on  the  northwest  escarpment  of  Pine  Mountain,  in  contact 
with  the  Devonian  or  with  the  Mississippian  part  of  the  Grainger 
shale  on  the  east,  and  with  coal-bearing  rocks,  probably  equivalent  to 
the  Wise  formation,  on  the  west.  This  narrow  area  is  an  outcrop  of 
a  segment  of  the  Lee,  which  was  broken  off  and  thrust  upward  along 
a  fault,  as  described  in  the  section  on  geologic  structure.  The  massive 
sandstone  strata  of  the  formation  are  well  exposed  in  the  '*  Breaks  of 
Sandy,"  12  miles  northeast  of  the  Pound  quadrangle,  where  the  Lee 
forms  canyon  walls  nearly  1,000  feet  high. 

VO&TOV  rO&MATXOV. 

Thickness  and  character. — A  fairly  reUable  determination  of  the 
thickness  of  the  Norton  formation  is  made  by  combining  the  upper 
part  of  the  section  of  the  bore  hole  on  Cranesnest  River  (PI.  IX, 
section  1)  with  the  surface  section  of  a  high  knob  immediately  ad- 
jacent to  the  hole.  The  contact  between  the  Lee  and  the  Norton,  as 
the  log  is  interpreted,  is  879  feet  above  sea  level  and  the  horizon  of 
the  bottom  of  the  Gladeville  sandstone,  which  is  the  top  of  the  Norton 
formation,  is  approximately  2,070  feet  above  sea  level.  The  thickness 
of  the  Norton  is  therefore  1,191  feet. 
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The  character  of  the  Norton  formation  is  well  shown  in  the  group 
of  bor&-hole  sections  in  Plate  IX,  from  which  the  generalized  columnar 
section  of  the  formation  in  this  quadrangle  is  taken.  Its  most  striking 
feature  is  the  irregularity  in  the  number  and  position  of  the  coal  beds, 
a  feature  which  makes  <Ufficult  a  satisfactory  brief  general  description 
of  the  formation.  In  general  the  formation  is  made  up  of  shale  and 
sandstone  with  coal  beds,  the  more  valuable  of  the  coal  beds  lying 
approximately  190,  320,  410,  560,  730,  and  930  feet  above  the  bottom 
of  the  formation.  Eighty  feet  below  the  Oladeville  Ues  the  top  of  a 
conglomeratic  sandstone  50  feet  thick,  which  may  prove  to  be  the 
same  as  the  Bearwallow  conglomerate  of  the  Tazewell  quadrauj^e,  30 
miles  east  of  this  area. 

In  the  Pound  quadrangle  the  Norton  formation  outcrops  in  a  belt 
about  1)  miles  wide  that  extends  diagonally  across  the  quadrangle 
parallel  to  Pine  Mountain  and  is  bounded  roughly  on  the  northwest 
by  the  base  of  the  mountain  and  on  the  southeast  by  Poimd  River. 
Along  the  southeast  boimdary  it  dips  beneath  younger  rocks  and 
remains  imder  coTver  as  far  as  Cranesnest  River  and  Birchfield  Creek, 
where  it  is  again  exposed,  forming  the  lower  part  of  the  valley  walls. 
A  narrow  area  is  also  exposed  along  the  upper  course  of  Indian  Creek. 
The  formation  disappears  beneath  Sand  Ridge  and  Black  Mountain 
and  is  concealed  in  the  southern  part  of  the  quadrangle,  but  outcrops 
several  miles  south  of  the  quadrangle  along  the  southern  margin  of 
the  coal  field. 

Correlation  of  coal  beds, — ^The  correlation  of  the  Norton  coals  of  this 
area  with  the  Norton  coals  of  the  southern  margin  of  the  Virginia  coal 
field  as  classified  by  Campbell^  is  more  fully  discussed  on  pages  185-186, 
and  only  a  brief  statement  of  conclusions  need  be  given  here.  The 
coal  bed  lying  190  feet  above  the  bottom  of  the  Norton  formation  is 
the  Jawbone;  the  one  at  320  feet  is  the  so-called  Imboden;  the  coal 
at  410  feet  apparently  is  not  present  in  the  section  given  in  the 
Bristol  foUo;  the  coal  at  560  feet  is  equivalent  to  the  Widow  Kennedy 
bed ;  and  the  coal  bed  at  730  feet  above  the  bottom  of  the  formation 
is  the  Lower  Banner  bed.  The  Upper  Banner  coal  is  not  present 
imless  it  is  represented  by  the  group  of  thin  coal  beds  250  to  270  feet 
below  the  Gladeville  sandstone,  including  the  7-foot  bed  in  well  No. 
15,  east  of  the  quadrangle.  The  Edwards-Imboden  horizon  is  rep- 
resented by  another  group  of  thin  coal  beds  150  feet  below  the  Glade- 
ville sandstone.  The  coal  just  below  the  Gladeville  sandstone  appears 
to  be  the  Yellow  Creek  bed,  which  is  mined  east  of  Wise,  2  miles 
south  of  this  quadrangle. 

Nearly  all  the  coal  beds  of  the  Norton  formation,  except  the  thick 
bed  in  boring  No.  15  (PI.  IX),  are  less  than  3  feet  thick,  and  most  of 

1  Campbell,  M.  R.,  Q«ology  of  the  Big  Stone  Gap  coal  field  of  Virglxiia  and  Kentucky:  U.  S.  Oeol.  Sunrey 
Bnll.  Ill,  pp.  33-86, 1893;  U.  8.  Oeol.  Burvoy  Geol.  Atlas,  Estillyille folio  (No.  12),  1894;  idem,  Bristol  fblio 
(No.  69),  1809. 
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them  are  lees  than  2  feet  thick.  Several  sections  of  bore  holes  show 
a  number  of  thin  coal  streaks  associated  with  the  thicker  beds,  and 
this  suggests  that,  owing  to  rapid  sedimentation,  the  continuity  of 
accumulation  of  vegetal  matter  in  this  area  was  more  or  less 
interrupted  during  the  deposition  of  the  coal  beds,  and  that  these 
conditions  resulted  in  the  formation  of  a  number  of  thin  beds  at 
the  different  coal  horizons  instead  of  one  thick  bed,  such  as  occurs 
at  the  same  horizon  at  Toms  Creek,  Norton,  and  other  places  along 
the  southern  margin  of  the  Virginia  coal  field,  although  the  total 
accumulation  of  vegetal  matter  may  have  been  about  equally  great 
at  all  these  places. 

GLADSVXLLX  SAITDSTOHX. 

The  Gladeville  sandstone  was  named  by  Campbell  from  Olade- 
ville,  now  Wise,  a  town  2  miles  south  of  the  quadrangle,  which  is 
built  on  the  outcrop  of  the  sandstone.  On  account  of  its  importance 
as  a  horizon  marker  it  is  rather  fully  described. 

The  Gladeville  underlies  Sand  Ridge  and  is  exposed  on  Steele 
Fork  of  Cranesnest  River,  and  on  Birchfield  and  Indian  creeks. 
It  imderlies  Bowlecamp  Enob,  and  a  few  feet  of  the  top  of 
the  sandstone  outcrops  along  MuUin  and  Dotson  Forks  of  Bowie- 
camp  Creek  as  far  as  Poimd  River.  It  is  also  exposed  on  Camp 
Creek  and  Georges  Fork.  The  outcrop  follows  the  general  course 
of  Pound  River  across  the  quadrangle,  the  sandstone  rising 
northwestward  toward  Pine  Mountain  and  underlying  only  the 
higher  knobs  near  the  river.  It  is  a  very  persistent  bed  and  exceed- 
ingly serviceable  as  a  key  rock.  On  the  map  its  outcrop  is  shown 
by  the  stipple  pattern  between  the  lines  representing  the  outcrops 
of  the  Glamorgan  and  Yellow  Creek  coal  beds  or  their  horizons. 

At  Wise  the  Gladeville  sandstone  is  hard,  white,  and  siliceous 
and  appears  to  be  about  100  feet  thick.  In  all  the  region  north  of 
Sand  Ridge,  however,  it  is  less  purely  siUceous  and  thinner  than  at 
Wise.  It  contains  more  argillaceous  matter  and  more  feldspar  and 
mica,  and  its  thickness  does  not  exceed  60  feet. 

WISB  FO&MATIOV. 

Character  and  distribution. — The  Wise  formation  includes  a  mass  of 
shale  and  sandstone  2,070  feet  thick,  with  many  coal  beds  lying 
between  the  Gladeville  sandstone  below  and  the  Harlan  sandstone 
above.  It  includes  at  least  10  distinct  coal  beds,  and  it  is  probable 
that  there  are  others  which  have  not  yet  been  discovered.  The  Wise 
formation  constitutes  the  surface  rock  in  most  of  that  portion  of  the 
quadrangle  lying  south  of  Pound  River.  North  of  the  river  it  also 
caps  some  hills  and  ridges,  and  southeast  of  Birchfield  Creek  it 
occurs  only  on  the  hills,  the  Norton  formation  outcropping  in  the 
valley  bottoms  and  well  up  on  the  hillsides. 
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Olamorgan  coal. — ^Immediatdy  aboTe  the  Gladeville  sandstone  lies 
the  Olamorgan  coal,  named  from  Glamorgan,  just  beyond  the  south 
margin  of  the  quadrangle,  where  the  bed  is  mined.  It  attains  its 
maTrimum  known  thickness  in  the  hills  south  of  the  heads  of  Birchr 
field  Creek  and  Dotson  Fork,  northeast  of  Glamorgan.  On  Birchfidd 
Creek  and  Dotson  Fork  of  Bowlecamp  Creek  the  bed  is  divided  by 
partings,  but  there  is  generally  a  b^ich  2  feet  or  more  thick.  Along 
Pound  River  northeast  of  Pound  a  persistent  thickness  of  2^  to  3  feet 
is  shown  at  numerous  openings,  but  here  also  the  bed  includes  several 
partings. 

Above  the  Glamorgan  coal  occurs  230  feet  of  shale  and  sandstone 
containing  five  coal  beds.  The  sandstone  is  highly  siliceous,  hard, 
and  white,  differing  in  these  respects  from  the  prevailing  type  of 
sandstone  in  this  region,  which  is  softer,  more  highly  f eldspathic,  and 
micaceous.  The  sandstone  bed  at  the  top,  just  above  the  uppermost 
of  the  five  coal  beds  (Clintwood  coal)  and  in  places  in  contact  with 
that  bed,  is  especially  noteworthy,  for  it  is  persistent  over  a  lai^  area 
and  either  outerops  as  a  ledge  or  makes  a  distinct  shelf  along  the  hill- 
side, by  which  the  position  of  the  outerop  of  the  underlying  coal  can 
be  determined.  All  these  sandstones  and  associated  coal  beds  are 
exposed  along  the  road  on  Guest  River  from  the  south  margin  of  the 
quadrangle  to  a  point  1^  miles  north  of  Lipps.  The  first  important 
coal  bed  above  the  Glamorgan  occurs  60  feet  above  the  Gladeville 
sandstone.  The  bed  is  2  feet  or  more  thick  and  appears  to  persist 
over  the  southeastern  quarter  of  the  quadrangle. 

Blair  coal. — About  40  feet  above  the  bed  that  occurs  60  feet  above 
the  Gladeville  sandstone  lies  a  coal  bed  here  named  the  Blair,  because 
it  was  opened  by  a  man  of  that  name  on  Lick  Branch,  3  miles  above 
the  mouth  of  Indian  Creek.  This  coal  is  also  persistent  in  the  south- 
eastern part  of  the  quadrangle  and  appears  to  range  from  2  to  5  feet 
in  total  thickness. 

Clintwood  coal  bed. — The  Qintwood  coal  lies  100  feet  above  the  Blair 
coal  and  200  to  250  feet  above  the  Gladeville  sandstone.  It  is  named 
from  the  town  of  Clintwood,  about  1^  miles  east  of  the  quadrangle. 
On  Georges  Fork  and  Lick  Fork  of  the  Cranesnest  River  drainage  the 
Clintwood  is  6  to  12  feet  thick,  including  partings.  Elsewhere  it  is 
thinner,  though  persistent  throughout  the  quadrangle.  As  noted 
above,  everywhere  in  the  quadrangle  the  Clintwood  is  overlain  by  a 
sandstone  20  to  40  feet  thick,  which  either  rests  on  the  coal  bed  or  is 
separated  from  it  by  only  a  few  feet  of  shale. 

Above  the  sandstone  just  mentioned  there  is  a  coal  bed  that  has  a 
maximum  thickness  of  2  feet,  or  at  least  such  a  bed  is  present  in  cer- 
tain localities.  It  is  succeeded  by  150  to  200  feet  of  soft  shale,  which, 
over  a  large  area,  is  followed  by  about  50  feet  of  coarse  f eldspathic 
and  micaceous  sandstone. 
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BoHing  coal  beds  {^'Five-foot*'  bed). — ^Above  the  top  of  the  coarse 
micaceous  sandstone,  which  is  about  250  feet  above  the  Clintwood 
coali  lie  two  coal  beds  20  to  40  feet  apart,  the  upper  one  being  desig- 
nated the  '^Five-foot"  bed  on  the  outcrop  maps  of  the  Gmchfield 
Coal  Corporation.  The  name  Boiling  is  here  applied  to  both  beds 
because  they  have  been  opened  near  the  head  of  Poimd  River  by 
several  persons  of  that  name.  The  Lower  Boiling  coal  is  18  inches  to 
4  feet  thick,  and  the  Upper  Boiling  is  3  to  5  feet  thick.  The  two  beds 
are  separated  by  20  to  40  feet  of  shale.  These  coal  beds  imderlie 
Black  Moimtain,  Buck  Knob,  and  Bowlecamp  Knob,  and  their  hori- 
zon is  a  little  bdow  the  tops  of  several  knobs  and  ridges  in  the  south- 
east comer  of  the  quadrangle.  Above  the  Upper  Boiling  lies  50  to 
80  feet,  or  in  places  a  greater  thickness,  of  coarse  micaceous  sand- 
stone, which  for  long  distances  outcrops  as  a  low  cliff  or  forms  a  low 
escarpment.  This  sandstone  persists  throughout  the  area  underlain 
by  the  Boiling  coals.  On  South  Fork  of  Poimd  River  the  coarse 
sandstone  is  overlain  by  about  140  feet  of  shale  and  sandstone,  capped 
by  a  40-foot  bed  of  sandstone. 

Standiford  coals. — ^Within  100  feet  above  the  Boiling  coals  there  are 
one  or  more  thin  coal  beds,  and  about  260  feet  above  these  coals  two 
beds  occur,  20  feet  apart,  which  are  here  called  the  Standiford  coals 
because  they  are  mined  near  the  head  of  South  Fork  of  Poimd  River 
by  a  man  of  that  name.  At  the  type  locality  the  lower  Standiford  coal 
is  2  feet  6  inches  and  the  upper  about  3  feet  thick.  These  coals  appear 
to  underlie  the  Black  Mountain  and  Buck  Knob  region,  but  it  is  prob- 
able that  they  have  been  removed  by  erosion  in  the  coimtry  farther 
east,  except  possibly  in  a  small  area  near  the  top  of  Bowlecamp  Knob. 

Taggart  coal. — On  South  Fork  of  Pound  River  the  strata  for  90 
to  100  feet  above  the  Standiford  coals  seem  to  be  chiefly  sandstone, 
and  above  this  sandstone  occur  two  thin  coal  beds  separated  by  6 
feet  of  shale,  the  upper  bed  being  3  feet  and  the  lower  bed  2  feet  6 
inches  thick.  On  Roaring  Fork  of  Powell  River  the  name  Taggart 
is  applied  to  a  bed  beUeved  to  be  the  same  as  the  double  bed  above 
described,  and  that  name  is  adopted  here.  On  Roaring  Fork  the 
bed,  which  has  been  thoroughly  prospected,  is  double  at  some  points, 
and  one  section  examined  by  the  writer  contains  four  coal  beds  in  the 
space  of  about  75  feet,  as  shown  in  the  section  at  location  68  (p.  49) . 
It  is  supposed  that  at  least  the  upper  two  beds  of  this  section 
represent  the  horizon  of  the  Taggart  coal,  the  two  benches  of  coal 
being  separated  by  20  feet  of  shale  and  sandstone.  At  most  points 
wheite  it  has  been  prospected  only  one  bench  is  recorded,  either 
because  only  one  bench  is  present  or  because  only  one  of  two  or  more 
benches  possibly  present  was  discovered. 

Low  Splint  coal. — The  name  Low  Splint  is  appUed  to  a  coal  bed 
about  200  feet  above  the  Taggart,  on  the  head  of  Roaring  Fork.    At 
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the  head  of  South  Fork  of  Pound  River  a  bed  opened  on  the  George 
Phillips  place,  160  feet  above  the  Taggart,  is  correlated  with  the  Low 
Splint.  It  appears  to  be  persistent,  and  to  range  in  thickness  from 
2^  to  4  feet,  but  as  it  lies  high  in  the  hills  it  is  present  only  in  Black 
Mountain  and  Buck  Knob.  It  is  probably  the  Buck  Enob  bed  of  the 
Clinchfield  Coal  Corporation. 

PhiUipa  coal. — ^The  Low  Splint  bed  is  succeeded  by  260  feet  of  shale 
and  sandstone,  in  which  no  coal  was  seen  in  this  region,  and  at  the  top 
of  this  shale  and  sandstone  lies  a  coal  bed  named  the  Phillips  coal  be- 
cause it  has  been  opened  at  the  Ambrose  Phillips  place,  at  the  head 
of  South  Fork  of  Pound  River,  where  it  is  reported  to  be  26  inches 
thick  and  to  be  all  coal. 

In  the  300-foot  interval  between  the  PhilUps  and  the  Pardee  coal 
beds,  at  the  head  of  South  Fork  of  Pound  River,  the  rocks  comprise 
shale  and  sandstone  that  contain  thin  coal  beds  as  follows:  An  18-inch 
bed  of  coal  80  feet  above  the  Philhps,  a  1-foot  bed  210  feet  above  the 
Phillips,  a  2-foot  bed  225  feet  above  the  Phillips,  and  a  O-inch  bed 
340  feet  above  the  Phillips,  or  50  feet  below  the  Pardee  bed.  Between 
210  and  225  feet  above  the  Phillips  coal  occurs  an  8-inch  limestone  bed, 
which  is  the  only  limestone  found  in  the  entire  Pennsylvanian  section 
except  some  nodules  in  the  shales  on  Elkhom  Creek  in  Eentucl^. 

Pardee  (Limestone)  coal. — The  Pardee  bed,  390  feet  above  the 
Phillips  bed,  or  1,670  feet  above  the  Gladeville  sandstone,  is  mined  at 
Pardee  just  west  of  the  southwest  corner  of  the  quadrangle.  This 
coal  is  the  Limestone  coal  bed  of  the  Kentucky  Geological  Survey 
reports  and  the  Parsons  bed  of  the  Virginia  Coal  &  Iron  Co.  At 
Pardee,  and  for  a  mile  or  two  to  the  east  within  the  Pound  quad- 
rangle, the  bed  contains  about  10  feet  of  solid  coal,  but  farther  east 
and  northeast  it  is  in  places  divided  by  thick  partings  into  two  or 
three  benches.  It  Ues  2,800  to  3,100  feet  above  sea  level,  and  there- 
fore outcrops  near  the  summit  of  Black  Mountain  and  its  radiating 
spurs.  Above  the  Pardee  bed  Ues  about  100  feet  of  shale  overlain  by 
rather  coarse  grained  but  fla^y  sandstone  300  feet  thick,  miLlnTig  400 
feet  in  all  to  the  next  higher  coal  bed,  which  is  known  in  this  re^on 
as  the  High  Splint  coal. 

High  Splint  coal. — ^The  High  Splint  coal  is  400  feet  above  the  Pardee 
bed  and  is  a  genume  splint  coal  4  to  6  feet  thick.  It  occurs  sohij^ 
in  the  hills  that  it  imderlies  only  a  small  area  on  Black  Mountain. 

WART.ATf  SAKDBTOXrS. 

Above  the  High  Splint  coal  just  described  appears  to  be  a  few  feet 
of  shale,  which  is  followed  above  by  a  massive  cliff-making  sandstonOi 
in  places  conglomeratic,  which  is  40  feet  thick  and  which  is  taken 
as  the  basal  stratiun  of  the  Harlan  sandstone.  The  Harlan  sand- 
stone, which  extends  from  the  High  Splint  coal  bed  to  the  top  of  the 
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highest  summits  of  Black  Moimtain,  is  a  little  over  400  feet  thick. 
It  is  mostly  coarse,  thick-bedded  to  massive  sandstone  but  contains 
shale  beds  with  at  least  two  coals  of  unknown  thickness,  fragments 
only  being  seen  at  two  places.  One  of  these  coal  beds  is  100  and  the 
other  300  feet  above  the  High  Splint  bed. 

PENKSTLVANIAN  SERIES  IN  THE  KENTUCKY  ABEA. 

FomuitioThs  present. — ^In  Kentucky  the  rocks  above  the  Lee  forma- 
tion correspond  to  the  Norton  formation  and  the  lower  part  of  the 
Wise  formation  of  Virginia,  and  the  part  corresponding  to  the  Wise 
probably  also  represents  the  Breathitt  formation  of  Campbell^  in 
the  western  part  of  the  Appalachian  coal  field  of  Kentucky.  (See 
columnar  section,  PI.  XI,  p.  220.)  On  account  of  uncertainty  as  to 
the  identification  of  boundaries  in  Kentuctjr  it  is  thought  best  not  to 
attempt  a  separation  of  the  formations  at  this  time,  and  it  may  be 
found  expedient  to  treat  all  the  rocks  above  the  Lee  as  a  imit  in 
Kentucky.  The  Lee  f6rmation  does  not  outerop  in  the  part  of  the 
quadrangle  that  lies  in  Kentucky  except  as  a  long  narrow  block  along 
tile  Pine  Mountain  fault.  (See  p.  182.)  The  lower  600  feet  of  roclffl 
corresponding  to  the  Norton  formation  likewise  do  not  outorop,  but 
according  to  Stone,'  who  studied  the  region  farther  north  on  Elkhom 
Creek  and  Big  Sandy  River,  they  are  composed  of  shale  and  sandstone 
with  three  coal  beds,  none  of  which  is  over  3^  feet  thick.  These 
beds  were  named  by  Stone,  in  ascending  order,  the  Elswick,  Auxier, 
and  Milliard  beds,  and  they  are  70,  280,  and  440  feet,  respectively, 
above  the  top  of  the  Lee. 

Bingham  coal, — ^According  to  Stone,'  the  Bingham  coal  lies  600 
feet  above  the  top  of  the  Lee.  A  coal  2^  feet  thick  outcropping  on 
Shelby  Creek  for  H  miles  south  of  the  north  border  of  the  quadrangle 
is  here  regarded  as  the  Bingham.  It  does  not  outorop  elsewhere  in 
the  quadrangle,  but  its  extension  under  cover  is  probably  shown  in 
drill  holes  in  which  a  coal  bed  was  encountered  400  feet  below  the 
Upper  Elkhom  bed. 

Lower  EOchom  coal. — ^The  Lower  Elkhom  coal  lies  200  feet  above 
the  Bingham,  and  other  thin  coal  beds  are  associated  with  it  within 
40  feet  both  above  and  below  it.  It  is  2  to  4  feet  thick  and  has  a 
characteristic  laminated  bench  by  which  it  can  be  identified.  It 
outorops  on  Elkhom  Creek  and  its  tributaries  northeast  of  the 
mouth  of  McPeak  Branch  and  also  at  the  headwaters  of  Beefhide 
Creek. 

Coal  140  feet  above  the  Lower  Elkhom. — ^The  rocks  for  140  feet 
above  the  Lower  Elkhom  bed  are  largely  sandstone,  and  above  this 

1  Campbell,  If.  B.,  U.  8.  QeoL  Survey  Oeol.  Atlas,  Londoii  folio  (No.  47),  1896. 
s  Stone,  B.  W.,  Coal  resoiiroes  of  the  Rossell  Fork  basin  in  Kentucky  and  Virginia:  U.  S.  Oeol.  Survey 
BolL  348, 1908. 

•  Idem,pp.3fr-a6. 

365*— Bull.  541—14 12 
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sandstone  lies  a  coal  bed  2  feet  thick,  which  is  exposed  at  Consolida- 
tion No.  201  mine.  A  coal  bed  4  feet  thick  and  160  feet  above  the 
Lower  Elkhom  on  Pigeon  Branch  in  the  northeastern  part  of  the 
quadrangle  is  probably  the  same  bed. 

Above  the  coal  bed  last  described  occurs  about  70  feet  of  sand- 
stone that  may  correspond  to  the  Gladeville  sandstone  of  Virginia. 
As  the  Upper  Elkhom  coal  bed,  which  is  about  40  feet  above  the  top 
of  this  sandstone,  is,  according  to  Stone,^  1,000  feet  above  the  Lee 
formation,  the  thickness  of  the  rocks  that  possibly  correspond  to  the 
Norton  formation  of  Virginia  is  930  feet  in  this  part  of  Kentucky. 
Within  20  feet  above  the  sandstone  just  described  lie  two  coal  beds, 
both  of  which  are  generally  thin  so  far  as  seen,  but  one  of  which 
appears  to  be  2  to  3  feet  thick  on  Elkhom  Creek  1  mile  above  Jenkins. 
Ilxe  Upper  Elkhom  bed  lies  30  feet  above  the  upper  of  these  coals  and 
is  separated  from  it  by  shale. 

Upper  Elkhom  coal. — ^The  Upper  Elkhom  bed  is  the  thickest  and 
most  important  coal  bed  in  the  part  of  this  quadrangle  that  lies  in 
Eentuclqr.  Li  the  northwestern  part  it  is  4  feet  thick;  elsewhere  its 
prevailing  thickness  is  6  to  8  feet,  and  throughout  most  of  the  area 
in  which  this  thickness  prevails  it  has  near  the  middle  a  day  parting 
1  inch  to  1  foot  thick.  If  the  sandstone  50  feet  below  this  coal  is  the 
Gladeville  of  Virginia,  the  Upper  Elkhom  bed  corresponds  in  position 
to  the  unnamed  bed  60  feet  above  the  Gladeville  in  Virginia  (described 
on  p.  173)  and  the  thin  coals  at  the  top  of  the  sandstone  correspond  to 
the  Glamorgan  coal. 

Coals  between  the  Upper  Elkhom  and  Hyden  (Fire  Clay)  hed. — For  a 
distance  of  400  feet  above  the  Upper  Elkhom  bed  there  are  shales  and 
sandstones  that  include  a  number  of  coal  beds  as  follows:  A  coal,  gen- 
erally about  1  foot  thick,  70  feet  above  the  Upper  Elkhom  bed  and 
separated  from  it  by  shale;  a  dirty  coal  bed,  2  to  3  feet  thick,  in  sand- 
stone, 175  feet  above  the  Upper  Elkhom;  a  bed  3  feet  4  inches  thick 
200  feet  above  the  Upper  Elkhom;  a  bed  2  feet  thick  240  feet  above 
the  Upper  Elkhom;  and  a  bed  2}  feet  thick  340  feet  above  the  Upper 
Elkhom. 

Hyden  (Fire  Clay)  coal. — ^A  bed  probably  persistent  throughout  the 
Kentucky  area,  and  called  the  Hyden  or  Fire  Clay  bed  in  the  reports 
of  the  Kentucky  Geological  Survey,'  hes  400  feet  above  the  Upper 
Elkhom  bed.  Its  thickness  appears  to  be  generally  3  to  4  feet,  but 
it  reaches  a  thickness  of  over  6  feet  on  Meadow  Fork  in  the  western 
part  of  the  quadrangle.  A  persistent  parting  of  flint  clay  renders  its 
identification  certain  over  a  large  area  in  eastern  Kentucky.  As  it 
occurs  high  in  the  hills,  it  underHes  comparatively  small  areas.    At 

1  stone,  R.  W.,  op.  cit.,  p.  37.  *  Kentucky  Geol.  Survey  Bull.  13, 1013. 
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the  point3  examined  there  ia  a  thin  bed  above  and  another  below  the 
Hyden  bed,  and  reports  indicate  that  these  beds  are  also  persistent. 

Fortunately,  all  these  beds  above  the  Tipper  Elkhom  are  exposed 
along  the  new  highway  between  Elkhom  Creek  and  McRoberts,  and 
the  part  of  the  generalized  section  in  Kentucky  including  them  is 
taken  directly  from  this  road  section. 

Above  the  Hyden  bed  lie  500  feet  of  strata  which  are  mostly  sand- 
stone, in  places  finely  conglomeratic.  The  conglomeratic  phase  was 
seen  only  in  certain  bowlders,  and,  to  judge  from  the  distribution  of 
these  bowlders,  the  small  quartz  pebbles  occur  in  pockets  at  some 
horizon  high  in  the  mass.  The  ridges  in  the  northwest  part  of  the 
quadrangle  are  capped  by  this  sandstone,  which  in  many  places  makes 
acUff. 

OENEBAL   COBBELATION   OF  THE   ]«X>RMATION8. 

From  incomplete  paleobotanic  studies  David  White  refers  all  the 
coal  measures  of  Virginia  and  easternmost  Kentucky  and  the  region 
southwestward  into  Alabama  to  the  lowest  division  or  Pottsvillo 
group  of  the  Pennsylvanian  series.  The  type  location  of  the  Pottsville 
group  is  Pottsville  in  the  southern  anthracite  field  of  Pennsylvania. 
The  Pottsville  is  for  convenience  subdivided  by  White  into  lower, 
middle,  and  upper  Pottsville,  the  subdivisions  being  based  primarily 
on  the  presence  in  each  division  of  certain  distinctive  species  of  fossil 
plants.  Some  of  the  subdivisions  of  the  Pottsville  may  be  dis- 
tinguished over  large  areas  by  lithologic  characters,  as,  for  example, 
the  Lee  formation  in  Virginia  and  Tennessee,  which  is  shown  by  the 
paleobotanic  evidence  to  coincide  nearly  if  not  completely  with  the 
lower  Pottsville.  In  locaUties  where  the  subdivisions  are  not  litho- 
logically  distinct  the  boimdary  between  any  two  may  be  marked  by 
a  particular  stratum  which  is  widely  identifiable,  especially  where 
one  of  the  formations  marks  an  extension  of  the  sea  over  the  land. 
Thus  throughout  the  southern  part  of  the  Virginia  and  West  Virginia 
coal  fields  the  boundary  between  the  lower  and  middle  Pottsville  as 
paleobotanically  determined  is  approximately  marked  by  the  Raleigh 
sandstone.  Where  lithology  fails  as  a  criterion  for  fixing  boundaries 
or  where  localities  are  widely  separated,  as  those  in  different  coal  fields 
or  basins,  it  is  necessary  to  resort  to  the  fossil  plants. 

The  probable  stratigraphic  equivalence  of  the  Pottsville  formations 
and  coal  beds  in  the  Pound  quadrangle  to  those  of  other  areas  along 
the  eastern  border  of  the  Appalachian  coal  field  is  indicated  in  the  plate 
of  sections  (PI.  X).  In  this  plate  the  correlations  of  formations  and 
beds  between  districts  or  basins  distant  from  the  Pound  quadrangle 
:>re  based  on  partial  studies  of  the  fossil  floras  by  White,  and  are 
legarded  by  him  *  as  provisional  and  subject  to  revision  when  either 

1  White,  DaTld,  Appulnchtan  ooal  field:  U.  S.  Oed.  Surrey  Prof.  Paper  71,  pp.  430-466, 1913, 
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the  paleobotanic  material  of  the  formations  is  more  complete^ 
studied  or,  where  possible,  the  beds  are  stratigraphically  traced 
from  point  to  point  in  detail  and  the  depositional  oharacteristics  of 
the  formations  are  more  fully  recognized.  The  correlations  of  the 
formations  and  beds  in  and  near  the  Pound  quadrangle  are  made  by 
the  present  writer. 

As  already  noted,  the  Lee  formation  is  lower  Pottsville.  This 
formation  extends  southwestward  into  Tennessee  and  is  equivalent 
to  the  Lookout  and  the  greater  part  of  the  Walden  sandstone  of 
southern  Tennessee.  Northeastward  the  Lee  corresponds  to  the  Po- 
cahontas, Welch,  and  Raleigh  formations  of  the  Tazewell  quadrangle; 
to  the  Pocahontas,  Clark,  Quinnimont,  and  Raleigh  formations  of 
the  Pocahontas  quadrangle;  to  the  Thurmond,  Quinnimont,  and 
Raleigh  formations  of  the  Raleigh  quadrangle;  and  approximate^ 
to  the  lower  800  feet  of  the  Pottsville  of  the  southern  anthracite  field 
of  Pennsylvania,  including  ''Lykens  No.  4"  coal. 

The  Norton  formation  is  classed  by  White  as  middle  PottsviUe, 
and  the  overlying  Gladeville  sandstone  is  regarded  by  h\m  as  probably 
near  the  horizon  of  the  Corbin  conglomerate  lentil  of  the  Lee  fonna^ 
tion  as  the  strata  are  mapped  in  the  London  folio,  the  London  quad- 
rangle lying  in  Kentucky  75  miles  due  west  of  the  Pound  quadruigle. 
The  Gladeville  seems  to  represent  the  Slater  sandstone  member  of  the 
Mingo  formation  of  the  Cumberland  Gap  region,  and  lies  within  the 
limits  of  the  Wartburg  sandstone  in  the  Wartburg  quadrangle,  Ten- 
nessee. Northeastward  the  Gladeville  is  supposed  to  be  represented 
by  the  Dotson  sandstone  of  the  Tazewell  quadrangle  and  the  Nuttall 
sandstone  lentil  at  the  top  of  the  Sewell  formation  in  the  Raleigh 
quadrangle.  The  Sharon  conglomerate  member  of  the  PottsviUe 
(upper  Pottsville)  of  western  Pennsylvania  is  also  regarded  as  lying 
at  about  the  same  stratigraphic  horizon,  though  it  is  thought  that  it 
may  be  higher.  It  is  not  maintained  that  the  sandstone  strata  at  the 
diflFerent  points  are  parts  of  one  continuous  stratum  or  that  they  are 
exactly  at  the  same  stratigraphic  horizon  and  of  precisely  the  same 
age,  but  it  is  fairly  well  established  on  stratigraphic  and  paleobotanic 
grounds  that  they  do  not  vary  greatly  from  the  same  horizon  and 
age  throughout. 

Southwestward  from  the  Vii^inia  coal  field  the  Norton  formation 
is  represented  by  beds  between  the  Rockcastle  conglomerate  member 
and  the  base  of  the  Corbin  conglomerate  lentil  of  the  Lee  formation 
as  mapped  in  the  London  folio;  by  the  Hance  and  the  lower  three- 
fifths  of  the  Mingo  formation  of  the  Cumberland  Gap  region;  and  by 
the  Briceville  shale  and  possibly  by  the  lower  part  of  the  Wartburg 
sandstone  of  the  Briceville  and  Wartburg  quadrangles,  in  Tennessee. 
Northeastward  the  Norton  correlates  with  the  Dismal  and  Bear- 
wallow  formations  of  the  Tazewell  quadrangle;  with  all  the  Sewell 
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formation  below  the  Nuttall  sandstone  lentil  in  the  Raleigh  quad- 
rangle, and  with  that  part,  200  feet  thick,  of  the  Pottsville  of  the 
southern  anthracite  field  extending  roughly  from  370  to  570  feet 
below  the  Buck  Mountain  coal  bed  and  including  the  Lykens  coal 
beds  Nos.  2  and  3  near  the  middle. 

The  Wise  formation  is  shown  by  the  fossil  plants  to  be  upper 
Pottsville.  It  represents  the  greater  part  at  least  of  the  Breathitt 
formation  of  the  London  quadrangle  of  Kentucky.  It  also  repre- 
sents the  BTy&on,  Hignite,  Catron,  and  probably  the  upper  two-fifths 
of  the  Mingo  formation  of  the  Cumberland  Gap  field,  and  the  upper 
part  of  the  Wartburg  sandstone,  with  the  Scott  shale,  and  the 
greater  portion,  at  least,  of  the  Anderson  sandstone  of  the  Wart- 
burg and  BriceviUe  quadrangles.  Beds  of  Wise  age  are  also  included 
in  the  Sequoyah  and  Tellowa  formations  of  the  Tazewell  quadrangle, 
the  Kanawha  formation  of  the  Kaleigh  quadrangle,  and  in  the  upper 
370  feet  of  the  Pottsville  of  the  southern  anthracite  field,  Pennsyl- 
vania. The  Kanawha  formation,  which  together  with  the  NuttaQ 
sandstone  lentil  of  the  Sewell  formation  presents  the  most  typical 
section  of  the  upper  PottsviQe  in  southern  West  Vii^inia,  appar- 
ently represents  also  the  equivalent  of  the  lower  part  of  the  Harlan 
sandstone  of  the  EstiUville  quadrangle. 

STBUGTUBB. 
OENEBAL  FEATURES. 

By  geologic  structure  is  meant  the  "lay"  or  attitude  and  arrange- 
ment of  the  rocks  considered  as  extensive  strata  composing  the 
earth's  crust.  Stratified  rocks  are  deposited  in  a  nearly  horizontal 
attitude.  Over  most  of  the  area  of  the  Pound  quadrangle,  however, 
they  are  not  now  horizontal  but  are  very  gently  inclined,  though  in 
some  places,  as  along  the  west  escarpment  of  Pine  Mountain,  they 
dip  steeply.  There  are  also  breaks,  called  faults,  which  extend  to 
great  depths  and  along  which  the  strata  on  one  side  have  been 
raised  to  higher  levels  than  the  corresponding  strata  on  the  other 
side  or  even  thrust  over  on  top  of  them. 

In  the  great  period  of  movement  during  which  the  rock^  of  the 
Appalachian  region  were  tilted  and  broken,  a  large  wrinkle  or  anti- 
cline wa3  produced  along  the  eastern  side  of  the  coal  region,  about 
20  milea  wept  of  the  margin.  The  rocks  lying  between  this  wrinkle 
and  the  margin  of  the  field  were  compressed  into  a  troughlike  syn- 
clinal fold  which  extends  from  northern  Tennessee  to  Big  Sandy 
River.  Toward  the  northern  extremity  the  fold  is  less  pronounced 
than  it  is  farther  to  the  southwest,  and  in  the  Pound  quadrangle  it  is 
so  broad  and  flat  as  to  be  scarcely  recognizable. 

The  great  upward  wrinkle  or  anticline  that  bounds  this  trough  on 
the  northwest  was  compressed  so  severely  that  the  rocks  broke, 
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forming  a  fault.  In  the  Pound  quadrangle  this  fault  and  the  inclined 
strata  bounding  it  on  the  east  are  the  dominating  features  of  the 
geologic  structure.  Northwest  of  the  fault  the  rocks  are  compara- 
tively  undisturbed,  and  they  lie  approximately  in .  the  horizontal 
attitude  in  which  they  were  deposited. 

FOLDS   AND  FAULTS. 

Pine  Mountain  fauU. — ^The  Pine  Moimtain  fault  is  the  major 
structural  feature  of  the  region.  It  extends  in  a  nearly  straight  fine 
diagonally  across  the  quadrangle,  near  but  somewhat  above  the  west 
base  of  Pine  Mountain  in  Kentucky.  The  fault  is  compound.  There 
are  two  breaks,  which,  for  the  purpose  of  description,  may  be  conceived 
as  having  occmred  at  different  times.  By  the  earfier  break  a  thin 
wedge  of  conglomeratic  sandstone  extending  several  miles  both  north- 
east and  southwest  of  Jenkins  was  thrust  into  contact  with  rocks  1,200 
feet  higher  than  the  top  of  the  Lee.  Also  in  the  northeastern  comw 
of  the  quadrangle  and  extending  a  mile  beyond  its  edge  a  mass  of  hard 
sificeous  conglomeratic  sandstone  (Lee)  that  Ues  in  a  vertical  attitude 
has  been  pushed,  probably  by  the  earUer  fault,  half  a  mile  westward 
over  flat-lying  rocks  stratigraphically  1,000  feet,  at  least,  above  the 
top  of  the  Lee.  Later  another  break  occurred  along  which  the  dis- 
placement differs.  On  the  west  side  of  the  quadrangle  the  Missisaip* 
pian  part  of  the  Grainger  shale  is  in  contact  with  the  wedge  of  the  LeOi 
brought  up  by  the  earher  fault;  3  miles  east  of  the  west  margin  the 
fault  brings  the  black  Devonian  shale  into  contact  with  the  Lee,  and 
in  the  northeast  quarter  of  the  quadrangle  the  movement  was  so 
great  that  the  upper  800  feet  of  the  black  shale  has  been  thrust  over 
the  earUer  fault  plane  and  is  in  contact  with  Pennsylvanian  rocks 
2,000  feet  above  the  base  of  the  Lee,  the  total  displacement  here  being 
about  4,000  feet.  Sections  A-B,  jC-D,  and  E-F  (PL  X)  illustrate  the 
structiu*al  and  stratigraphic  relations  brought  about  by  these  faults. 

Pound  syndine. — ^From  Pine  Mountain  the  rocks  dip  southeast- 
ward to  an  axis  following  the  general  coiurse  of  Pound  River,  and 
named  the  Pound  syncline.  The  southeastward  dip  on  the  west 
escarpment  of  Pine  Mountain  is  generally  steep,  but  ranges  from  20® 
to  nearly  vertical.  Along  the  crest  of  Pine  Moimtain  the  dip  is  20® 
to  40®.  At  the  east  base  it  is  10®  and  diminishes  thence  gradually  to 
zero  at  the  axis  of  the  Pound  syncline. 

Biick  Knob  anticline  and  Indian  Creek  syncline. — In  the  southeastern 
part  of  the  quadrangle  south  of  the  Pound  axis  the  rocks  in  general 
dip  northwest  to  that  axis,  but  near  Buck  Ejiob  the  general  northwest 
dip  is  interrupted  by  a  subordinate  anticline  that  extends  nearly 
north  and  south  through  Buck  Ejiob  and  is  called  the  Buck  Enob 
anticline.  The  existence  of  this  low  anticline  involves  a  correspond- 
ing  syncline,  the  axis  of  which  is  parallel  to  the  anticline  and  to  Indian 
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Creek,  which  lies  one-half  to  1  mile  to  the  west.  This  syncline  is  here 
named  the  Indian  Creek  syncline.  On  the  east  side  of  this  syncline 
steep  dips  occur  locally.  At  Glamorgan  the  dip  is  10°  W.,  and  three^ 
fourths  of  a  mile  north,  at  the  intersection  of  the  highway  with  the 
tramroad,  it  is  40°  W.  On  the  west  side  of  Indian  Creek,  5  miles 
above  the  mouth,  the  dintwood  coal  and  overlying  sandstone  dip 
10°  W.  On  the  Buck  Knob  axis  north  of  the  knob  the  Boiling  coals 
are  about  2,200  feet  above  sea  level;  on  the  Indian  Creek  axis  they 
are  about  2,000  feet,  the  eastward  dip  being  200  feet  in  2  miles ;  and 
on  the  Pound  axis,  west  of  Dewey,  the  same  coals  are  about  1,900 
feet  above  sea  level,  giving  a  west  dip  from  the  Buck  Enob  to  the 
Pound  axis  of  300  feet.  Apparently  both  the  Indian  Creek  and  Buck 
Knob  folds  flatten  out  and  become  imperceptible  to  the  east  of 
Dewey;  southward  both  axes  rise  but  maintain  the  same  relative  posi- 
tion, the  Boiling  coals  on  the  south  margin  of  the  quadrangle  being 
as  nearly  as  can  be  determined  2,700  feet  above  sea  level  on  the  Buck 
Ejiob  anticline  and  2,500  feet  in  the  Indian  Creek  syncline. 

SUMMABY. 

Aside  from  these  comparatively  subordinate  folds,  the  general 
structure  of  the  part  of  the  quadrangle  which  lies  in  Virginia  is  that 
of  a  broad  and  comparatively  shallow  imsymmetrical  trough.  At 
the  southeast  comer  of  the  quadrangle  the  Gladeville  sandstone  is 
2,500  feet  above  the  sea  and  descends  thence  to  about  1,500  feet 
above  the  sea  along  the  Pound  axis,  the  average  dip  being  about  1  °. 
Along  the  crest  of  Pine  Mountain  the  Gladeville  would,  if  restored, 
lie  5,000  feet  above  sea  level,  so  that  the  total  dip  is  3,500  feet  from 
the  crest  of  the  moimtain  to  the  axis  of  the  Poimd  syncline,  an  average 
dip  of  18°. 

In  Kentucky  the  rocks  dip  gently  and  nearly  uniformly  north- 
westward about  300  feet  from  the  base  of  Pine  Mountain  to  the 
northwest  comer  of  the  quadrangle,  as  shown  by  a  great  number  of 
spirit-level  determinations  on  the  Upper  Elkhom  coal  beds.  The 
elevation  of  this  bed  is  1,600  feet  above  sea  level  along  the  west  side 
of  the  Pine  Mountain  fault,  except  in  the  extreme  southwestern  comer 
of  the  Kentucky  area,  where  it  drops  to  less  than  1,500  feet.  Low 
domes  on  which  this  bed  rises  to  1,640  and  1,720  feet  occur  between 
Oane  and  Joes  branches,  and  also  near  the  mouth  of  Marshall  Branch, 
but  with  these  exceptions  it  dips  with  a  nearly  imiform  gradient  to 
about  1,350  feet  above  sea  level  on  Rockhouse  Creek,  in  the  north- 
west comer  of  the  quadrangle. 

DETAIIiED  DESCRIPTION  OF  THE  COAL  BEDS. 

On  account  of  the  uncertainty  of  correlation  between  the  parts  of 
the  quadrangle  that  lie  in  Virginia  and  Kentucky  the  coal  beds  of  the 
two  areas  are  separately  described. 
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COAIi  IN  THE  VIBGINIA  ABBA. 

A  comprehensive  idea  of  the  number,  thickness,  and  sequence  of  the 
coal  beds  in  the  Virginia  part  of  the  Poimd  quadrangle  can  be  ob- 
tained by  an  examination  of  the  generalized  columnar  section  for  that 
area  (PL  X,  p.  178). 

COAL  BEDS  OF  THE  LEE  FOBICATIOK. 

In  this  area  very  little  is  known  of  the  coal  beds  of  the  Lee  forma- 
tion, which  outcrop  only  along  the  southeast  slope  of  Pine  Mountain. 
Elsewhere  they  are  buried  deeply  beneath  overlying  formations  and 
have  been  penetrated  at  only  one  point  by  a  diamond  drill.  On  the 
outcrop  along  the  eastern  slope  of  Pine  Moimtain  the  surface  is 
heavily  timbered.  No  prospecting  appears  to  have  been  done  in  this 
unfavorable  belt,  and,  as  natural  exposures  of  the  coal  beds  are  few, 
opportunities  to  examine  the  beds  are  very  rare  indeed.  Only  on 
the  Poimd  Gap  road,  where  the  formation  has  been  exposed  in  road 
making  and  by  the  wear  incident  to  a  highway,  was  any  coal  seen  in 
outcrop. 

However,  considerable  coal  is  known  to  exist  in  the  Lee  in  beds  14 
inches  or  more  thick  and  at  depths  not  exceeding  2,000  feet.  The 
most  definite  knowledge  of  the  nimiber,  thickness,  and  stratigraphic 
relations  of  these  beds  is  derived  from  the  record  of  a  driU  hole  on 
Cranesnest  River,  1  mile  east  of  the  quadrangle  and  a  short  dis- 
tance below  the  mouth  of  Lick  Creek.  (See  section  1,  PI.  EX,  p.  170, 
in  which  details  of  the  beds  are  shown.)  In  this  well  a  coal  2  feet  6 
inches  thick  is  shown  near  the  base  of  the  Lee  and  eight  beds  2  inches 
to  2  feet  2  inches  thick  are  shown  within  the  Lee.  Six  of  these  beds 
are  grouped  in  the  300  feet  just  below  the  middle  of  the  formation. 
As  shown  in  Plate  X,  the  Pocahontas  coal  appears  to  be  represented 
in  this  group  of  beds. 

On  the  Pound  Gap  road  five  beds  are  exposed.  In  the  Veil  section 
the  greater  nimiber  of  beds  is  grouped  just  below  the  middle  of  the 
formation.  In  the  road  section  the  greater  number,  so  far  as  shown, 
seems  to  be  above  the  middle  of  the  formation. 

The  lowest  bed  in  the  Pound  Gap  road  section  is  imperfectly 
exposed  500  feet  east  of  the  sunmiit  at  location  1.^  It  is  about  200 
feet  above  the  base  of  the  Lee  and  has  a  thickness  of  2  feet  6  inches. 
Farther  down  on  the  east  slope  of  the  mountain,  near  the  abandoned 
narrow-gage  railroad  station,  four  beds  are  exposed  at  locations  2,  3 
4,  and  5.     At  locations  2  and  3  the  following  sections  were  measured: 

1  Numbers  refer  to  locations  on  the  map  (PI.  XI,  p.  220). 
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Sectwfu  of  coal  bed  on  Pound  Oap  road. 


LOMtiOBt. 

Ft.    in. 

Coaly  dirty 6 

Clay 1 

Coal,  dirty 8 

Clay,  white.  


Location  S,  at  aazTOW-gaco  railroad  ftatioa. 

Ft.  In. 

Shale  and  aandstone 10 

Clay,  carbonaceous 7 

Coal 3 

Clay 2 

Coal 2 

Shale 20 


Total  coal. 


The  carbonaceous  clay  at  this  point  is  crowded  with  fern  pinnules. 

At  location  4,  which  is  500  feet  nearly  east  of  location  3^  a  bed  has 
been  prospected  superficially  and  18  indies  of  clean  coal  was  exposed. 
This  bed  is  probably  but  a  short  distance  above  the  bed  at  location  3. 
At  location  5,  near  location  4,  another  bed  3  inches  thick  and  20  feet 
above  the  bed  at  location  4  is  exposed. 

COAL  BEDS  OF  THE   NORTON  FOBICATION. 

Oeneral  character. — ^The  coal  beds  of  the  Norton  formation  are  the 
principal  beds  mined  along  the  southern  margin  of  the  Virginia  coal 
field  from  Dump  Creek  to  Big  Stone  Gap,  but  in  the  Pound  quadran- 
gle they  are  not  so  well  developed  as  farther  southT  This  feature  is 
shown  by  diamond-drill  borings  in  the  southeast  part  of  the  quadran- 
gle and  by  such  few  exposures  as  are  known  along  the  outcrop  of  the 
formation  between  Poimd  River  and  Pine  Mountain. 

Sections  of  the  diamond-drill  borings  are  shown  on  Plate  IX  (p.  170) . 
The  wells  are  too  few  and  too  widely  separated  to  give  full  information 
regarding  the  coal  beds,  but  they  seem  to  afford  a  fairly  reliable  indi- 
cation of  the  general  condition  and  possible  value  of  the  Norton  coal 
beds  in  the  eastern  half  of  the  quadrangle.  They  reveal  a  great  num- 
ber of  coal  beds,  but  most  of  them  are  only  a  few  inches  thick.  Every 
well,  however,  shows  one  or  more  beds  14  inches  or  more  thick  and 
less  than  1,000  feet  below  the  surface.  In  a  few  borings  thicker  beds 
were  penetrated,  for  example,  a  bed  2  feet  10  inches  thick  at  a  depth 
of  629  feet  in  well  No.  2 ;  a  bed  4  feet  3  inches  thick  at  832  feet  in  well 
No.  3;  a  bed  2  feet  5  inches  thick  at  847  feet  in  well  No.  11 ;  and  a  bed 
7  feet  1  iach  thick  at  351  feet  in  well  No.  15,  which  is,  however,  2 
miles  east  of  the  quadrangle.  Details  of  the  section  of  the  thicker 
beds  are  shown  in  the  figures.  The  ultimately  workable  coal  is  there- 
fore considerable,  although  such  coal  will  not  be  available  until  after 
the  exhaustion  of  the  thicker  and  more  easily  accessible  coal  beds  of 
the  country. 

Correlation. — ^The  identification  of  the  individual  coal  beds  of  these 
sections  and  their  correlation  with  the  beds  of  the  Norton  formation 
along  the  southern  margin  of  the  field,  where  they  seem  to  be  more 
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constant  in  number  and  position^  are  rather  uncertain.  For  the  pur- 
pose of  comparison  with  the  better-known  section  to  the  south  the 
generalized  (average)  section  from  the  Bristol  folio  is  given  on  Plate 
IK  (p.  170).  The  tentative  correlations  are  indicated  by  the  broken 
lines  on  Plate  X.  The  sections  are  arranged  on  the  horizon  of  the 
bottom  of  the  Gladeville  sandstone^  which  is  identified  throughout  the 
region  with  a  reasonable  degree  of  certainty.  All  the  coal  beds  recog- 
nized in  the  Toms  Creek  region  appear  to  be  present  in  the  Pound 
quadrangle^  except  the  Upper  Banner,  which  is  the  most  important 
bed  in  the  Toms  Creek  region.  The  Jawbone  and  so-called  Imboden 
beds  appear  to  be  persistent  but  thin.  There  are  two  persistent  beds 
100  feet  apart  in  proximity  to  the  horizon  of  the  Kennedy  coal,  and  it 
is  uncertain  which  is  the  true  Kennedy.  The  Lower  Banner  is  per- 
sistent and  at  some  pohits  has  considerable  thickness,  as  in  boring 
No.  3,  but  more  generally  it  is  thin  or  so  broken  by  partings  as  to  be 
worthless.     In  boring  No.  3  the  section  is  as  follows: 

Section  of  Lower  Banner  coal  in  drill  hole  No.  3t  Birchfield  Creek, 

Shale.  Ft.  fn. 

Coal 3  6 

Clay , 8 

Coal....^ 6 

4    8 

In  boring  No.  8  the  bed  is  3  feet  6  inches  thick,  but  the  coal  is 
intimately  mixed  with  shale  and  is  probably  worthless. 

It  is  possible  that  the  persistent  group  of  thin  coal  beds  below  the 
Edwards  coal  or  group  represents  the  Upper  Banner,  which  is  separ 
rated  from  the  Lower  Banner  by  more  than  twice  the  thickness  of 
rocks  separating  the  two  beds  on  the  southern  outcrop  of  the  Norton 
formation.  If  this  rather  doubtful  supposition  is  correct,  the  7-foot 
bed  in  boring  No.  15  might  be  regarded  as  representing  the  Upper 
Banner  coal. 

The  upper  group  of  thin  beds  represents  the  Edwards  or,  as  is 
supposed,  the  horizon  of  the  true  Imboden  coal.  In  boring  No.  3 
this  group  is  3  feet  thick  with  a  thin  parting;  elsewhere  it  is  widely 
parted. 

Outcrops. — ^At  only  a  few  places  in  the  quadrai^le  or  just  outside  its 
eastern  and  western  margins  were  exposures  of  any  of  the  coal  beds 
of  the  Norton  formation  seen.  On  Rumley  Branch,  about  2  miles 
north  of  Flat  Gap,  at  location  6,  a  bed  of  clean  coal  2  feet  thick  has 
been  opened  and  worked  on  a  small  scale.  About  2  miles  south  of 
Osboms  Gap,  toward  the  eastern  side  of  the  quadrai^le,  at  locations 
7,  8,  and  9,  coal  18  inches  in  thickness  is  exposed,  and  about  1  mile 
farther  east,  at  location  10,  a  blossom  indicates  a  thin  coal.  All 
these  coal  beds  seem  to  lie  in  the  lower  half  of  the  Norton  formation. 
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On  Cumbeiiand  Riyer,  one-half  mile  beyond  the  western  margin  of 
the  quadran^e,  a  bed  of  clean  coal  30  inches  thick  has  been  worked 
on  the  Ira  Sturgill  place.  On  Pine  Creek^  three-fourths  of  a  mile 
west  of  the  east  boundary  of  the  quadran^e,  at  location  11,  a  bed 
1  foot  9  inches  thick  is  exposed  at  creek  level.  These  outcrops  occur 
apparently  near  the  middle  of  the  Norton  formation  and  the  bed 
possibly  represents  one  of  the  Banner  coals. 

On  NorUi  Fork  of  Pound  Riyery  about  1  mile  west  of  Donkey,  at 
location  12,  a  bed  is  opened  that  has  the  following  section: 


Shale. 


Section  of  coal  bed  1  miU  toeit  o/Donkejff  at  loeaHon  It. 


Goal. 


Bone. . 

Goal.. 

Sandstone. 


Ft.  In. 

10 

8 

1      9 


2    10 


At  location  13,  one-half  mile  west  of  location  12,  two  thin  coal 
streaks  are  exposed  in  the  bottom  of  a  rayine.  These  coals  appear 
to  be  150  to  200  feet  below  the  Gladeyille  sandstone  and  therefore 
at  the  horizon  of  the  Edwards  or  Imboden  coal. 

YeUcw  Greek  coal. — One-half  mile  beyond  the  western  margin 
of  the  quadrangle  a  coal  bed  is  exposed  just  beneath  the  Gladeyille 
sandstone.  The  same  bed  is  exposed  at  the  schoolhouse  one-half 
mile  west  of  Flat  Gap  (location  14).  The  sections  at  these  localities 
are  as  foOows: 

Sectiom  of  TeUow  Creek  coal  bed. 


Omo  half  aUlt   WMt  of   qvadnuicto  on  Ova- 


bwclaad  yaltoy  road. 


Sandstone. 

Goal... 

Glay... 
'  Goal... 
Glay. 


Ft.    in. 

5 

1 

2      4 

2     10 


At  MhoolhovM  on  CvabtxUod  Bif«r 
alto  WMt  of  riat  Gap  (loeatioa  14) . 


half 


Sandstone. 

Goal... 

Shale.. 

Goal... 
Glay. 


Ft.    In. 

2 
9 

1    4J 


The  same  bed  has  also  been  opened  on  a  small  stream  at  a  point  1 
mile  northeast  of  Flat  Gap  Gocation  15)  but  could  not  be  seen.  It  has 
also  been  exposed  in  grading  the  railroad  along  North  Fork  of  Pound 
Riyer  at  a  point  2  miles  southwest  of  Donkey  Gocation  16),  where  it 
has  the  following  section: 


Section  of  coal  bed  t  milee  eouthweet  of  Donkey  ^  at  location  16. 


Goal. 
Glay. 
Goal. 


Ft  in. 

1    1 

IJ 
6 


1    8i 
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other  beds. — The  onfy  other  locality  at  which  Norton  coals  aie 
known  in  outcrop  suffidently  near  this  quadran^e  to  be  considered 
is  on  the  new  road  between  Wise  and  Clintwood,  1}  miles  south  of 
Cranesnest  River  and  one-third  of  a  mile  east  of  the  quadran^e 
margin,  where  the  coal  beds  have  been  exposed  in  grading.  Nine 
coal  beds  are  erposed  in  a  vertical  distance  of  about  350  feet  below 
the  Gladeville  sandstone,  but  only  one  bed,  about  250  feet  below  the 
sandstone,  is  of  possible  workable  thickness.  Its  section  is  given 
bdow: 

Section  of  coal  on  new  Wiee-CHntwood  road^  about  t  imZet  eouik  of  Craneaneat  Rher, 

Shale.  Ft.  In. 

Cod 10 

Clay ^ 

Coal 1      6 

Sandstone.  '- 

2      S} 

The  other  beds  are  all  thin  and  worthless.  This  section  is  in  full 
agreement  with  the  upper  part  of  the  diamond-drill  sections. 

The  facts  in  hand  appear  to  warrant  the  conclusion  that  thou^  the 
Norton  coal  beds  of  this  quadrangle  are  of  less  value  than  they  are 
along  the  southern  maigin  of  the  \lrginia  coal  field,  drilling  has 
demonstrated  that  there  are  considerable  areas  of  workable  coal  in 
the  different  beds  underlying  this  area.  Exploitation  of  these  coals, 
however,  can  only  be  safely  imdertaken  after  the  location  and  extent 
of  the  workable  areas  have  been  determined  by  thorough  prospecting 
with  the  diamond  drill. 

COAL  BEDS  OF  THE  WISE  FORMATION. 

The  Wise  formation  contains  a  greater  amoimt  of  coal  in  woi^ble 
beds  than  any  of  the  other  formations  of  the  quadrangle.  The  full 
thickness  of  the  formation  is  present  only  in  Black  Moimtain  in  the 
southwestern  comer  of  the  quadrangle,  because  east  of  that  area  a 
progressively  greater  thickness  of  the  formation  has  been  eroded. 

Otamorgan  coal. — ^Inmiediately  above  the  Gladeville  sandstone  ties 
the  Glamoigan  coal  bed,  named  from  the  town  of  Glamorgan,  located 
just  south  of  the  quadrangle  opposite  the  head  of  Indian  Creek.  The 
bed  is  best  developed  in  the  hills  to  the  north  and  northeast  of  Gla- 
morgan. In  the  Glamorgan  mine,  which  extends  7,000  feet  northeast- 
ward toward  Birchfield  and  Dotson  creeks,  the  bed  is  divided  into 
two  benches  by  a  parting  which  is  one-fourth  inch  thick  at  7,000  feet 
from  the  mouth,  1  inch  at  6,000  feet,  10  feet  or  more  at  1,000  feet  and 
30  feet  thick  at  the  mine  mouth.  At  6,000  and  7,000  feet  from  the 
mine  mouth  the  bed  has  the  following  section: 
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SectUmt  ofQlamorgan  coal  bed  in  the  Qlamorgan  mine. 


Saatlon  7,000  feet  from  month. 

Shale.  Ft.  ixL 

Coal^  (one-fourth  inch  parting 

near  middle) 3     8 

Bone 1 

Coal> 7 

Shale.  


Sectloa  0,000  feet  fkom  movth. 

Shale.                                             Ft.  in. 

Coal* 1  9 

Bone 1 

Coal* 1  10 

Bone IJ 

Coal* 8 


4      5i 

On  account  of  the  split  described  above  only  the  lower  bench  is 
mined  in  the  first  1,000  feet  along  the  main  entiy  of  the  mine,  and 
nowhere  else  in  the  quadrangle  is  the  bed  known  to  be  so  thick  as  in 
the  deeper  part  of  the  Glamorgan  mine.  On  the  new  Wise-CUntwood 
road  near  the  eastern  margin  of  the  quadrangle  Gocation  17)  the  bed 
is  2  feet  1  inch  thick. 

On  Indian,  Dotson,  and  Birchfield  creeks  and  on  the  forks  of 
Bowlecamp  Creek  the  Glamorgan  coal  is  1  foot  6  inches  to  2  feet  6 
inches  thick,  including  partings. 

On  Birchfield  Creek,  2  miles  above  the  mouth  of  Dotson  Fork,  at 
locations  18  and  19,  the  thickness  of  the  bed  is  1  foot  9  inches  and  2 
feet  4  inches,  respectively.  On  the  west  side  of  Indian  Creek,  three- 
fourths  of  a  mile  below  Riley  School  Qocation  20),  the  bed  has  been 
opened  and  shows  the  following  section: 

Section  ofQlamiorgan  coal  on  Indian  Creeh,  three-fourthe  of  a  mile  below  Riley  School,  tU 

location  20, 
Shale.  Ft.  In. 

Clay,  with  coal  streaks 4 

Coal 2 


2    4 


The  clay  with  coal  streaks  in  the  roof  is  characteristic  of  the  bed 
northeast  of  Poimd. 

Along  the  lower  coiu^e  of  Indian  Creek,  in  the  vicinity  of  Pound, 
and  on  the  lower  combes  of  the  three  forks  of  Bowlecamp  Creek, 
the  Glamorgan  bed  is  split  into  two  or  three  thin  beds  of  no  value. 
Toward  the  head  of  Dotson  Fork  of  Bowlecamp  Creek,  at  locations 
21  and  22,  it  is  in  better  condition,  as  shown  by  the  following  sections, 
which  also  show  its  irr^ularity  in  short  distances: 

Sections  of  the  Olamorgan  coal  bed  near  the  head  of  Dotson  Fork  of  Bowlecamp  Creek, 


Location  n. 
Shale. 

Coal 

Shale 

Coal 

Sandstone,  Gladeville. 


Ft.   in. 
.    1    6 
.    8 
6 


10 


Sandstone. 

Coal... 

Shale.. 

Coal... 
Clay. 


Location  St. 


Ft.   in. 

.  2    2i 
2 
2 


2    6} 


1  Induded  In  Mmple,  analysis  16101,  p.  218.         sTndnded  in  sample,  analysis  15100,  p.  218. 
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One  mfle  northeast  of  Pound  the  bed  is  barely  of  workable  thick- 
ness, but  it  improves  farther  northeast  along  the  river,  as  shown  by 
the  sections  at  location  23,  on  Mil  Creek,  1  mile  northeast  of  Pomid, 
and  at  location  24,  on  Camp  Creek  near  its  month* 


SeeHons  o/Olamorgan  coal  bed  on  MiU  and  Camp  endt$. 


Shale. 

Goal.. 

Clay. 

Coal.. 

Bone. 

Coal.. 
Clay. 


Looatioa  tt,  <m  Mm  CiMk. 


Ft 


in. 
6 
2 

lOJ 
2 
3 


2    11) 


Shale. 
Coal, 
Clay 
Coal. 
Clay 
Coal. 

Clay. 


LoMtioa  K  M  Oaap  GiMk. 


Ft 

In. 

6J 

1 

4 

3 

2 

i 

1 

5   U 


These  sections  show  the  range  in  thickness  and  character  of  the 
bed  in  this  part  of  the  quadrangle.  Its  improvement  continues 
northeastward  as  far  as  Freeling,  about  a  mile  east  of  the  edge  of 
the  quadrangle. 

Along  North  Fork  of  Pound  River,  southwest  of  Pound,  to  a  point 
within  2  miles  of  Flat  Gap  post  office  the  presence  of  the  Glamorgan 
coal  is  shown  by  several  exposures  and  openings,  but  so  far  as  defi^te 
knowledge  of  it  could  be  obtained  it  is  not  of  workable  thickness. 

Coal  hed  60  to  70  feet  above  the  GladeviUe  sandstone. — ^A  persistent 
coal  bed  lies  50  to  70  feet  above  the  Gladeville  sandstone  and  is 
generally  about  2  feet  thick  over  a  considerable  area.  This  bed  is 
exposed  on  Guest  River  for  a  mile  north  of  the  quadrangle  boimdary, 
on  the  South  Fork  of  Poimd  River  to  the  vicinity  of  Dewey,  on  the 
forks  of  Bowlecamp  Creek,  and  along  the  new  Wise-Clintwood  road. 
Three-fourths  of  a  mile  northeast  of  Dewey  location  25)  and  at 
Glady  School,  at  the  mouth  of  Glady  Creek  Gocation  26),  the  following 
sections  were  measured : 

Sections  ofooai  bed  60  to  70  feet  above  the  OladevUle  sandgkme. 


Location  tt. 

Ft  to. 

Coal 10 

Fouling,  slaty,  thin  coal 1    8 

Coal,  bony 6 


Z«ocatloBM. 

Shale.  Ft  in. 

Coal,  dirty 4 

Coal,  clean 1    3 

Coal,  bony 7 

Clay.  

2    2 

Along  South  Fork  of  Pound  River,  between  Glady  School  and 
Donkey,  at  least  four  coal  beds  that  lie  close  together  appear  to  occur 
at  about  the  horizon  of  the  bed  here  described,  but  the  exact  identifi- 
cation is  doubtful. 
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On  Mullins  Fork,  2^  miles  above  the  mouth,  at  location  27,  this 
bed  seems  best  developed,  as  shown  by  the  following  section : 

Bedion  of  coal  bed  on  MuUint  Fork,  H  miUi  above  He  mouth,  at  location  t1. 

Shale.                                                                                            Ft.  In. 

Bone , 6 

CJoal 1  3 

Clay 1  2 

Coal 1  10 

4      9 

Near  the  head  of  Dotson  Fork  of  Bowlecamp  Creek,  at  location  28, 
the  bed  is  38  inches  thick  and  consists  of  clean  co%I,  On  the  new 
Wise-Clintwood  road,  at  locations  29  and  30,  the  bed  has  an  upper 
bench  of  coal  1  foot  6  inches  thick,  underlain  by  thin  coal  streaks  and 
clay  partings  1  to  2  feet  thick. 

On  Guest  River,  between  lipps  and  a  point  a  mile  northwest  along 
the  road,  five  coal  beds  dip  northward  and  pass  in  succession  below 
the  road  level.  By  projecting  the  beds  into  a  plane  as  nearly  as  pos- 
sible according  to  the  dip,  the  following  section  is  obtained : 

Section  of  coal  bede  along  Queet  River  road,  for  1  nUU  north  ofLippt, 

Ft.    In. 

Coal,  reported  thicknen 2 

Sandfltonei  hard,  siliceouB 20 

Interval,  not  exposed 20 

Coal,  Clintweed  (?) 2 

Sandstone 10 

Shale 10 

Coal,  Clintwood  split  (?) 2    3 

Sandstone 15 

Interval,  not  exposed 10 

Sandstone 6 

Interval,  not  exposed 20 

Coal,  Blair  (?) 2 

Sandstone,  i)artly  hard,  siliceous 40 

Coal,  reported  thickness  3)  feet  (next  above  Glamorgan  bed); 

thicknen  seen 2 

160    3 

This  section  includes  the  group  of  coal  beds  between  the  Gladeville 
sandstone  and  the  Clintwood  bed  (described  on  p.  174),  except  that 
it  does  not  extend  down  to  the  Glamorgan  coal.  This  bed,  however, 
shows  in  the  road  at  the  quadrangle  boimdary  one-half  mile  south 
of  lipps. 

The  coal  next  above  the  Glamorgan  bed  is  opened  at  lipps  Gocation 
31),  but  the  opening  is  partly  closed.  Two  feet  of  solid  coal  was  seen 
and  the  bed  is  reported  to  be  3^  feet  thick. 
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EkAr  coal. — On  lick  Branch  of  Indian  Creek,  3  mileB  aboy«  its 
mouth,  a  coal  bed  of  good  thickness  has  been  oponed  on  the  Blair 
property  and  therefore  named  the  Bkdr  bed.  At  this  place  it  has 
the  following  section: 

Seetumo/BlaireoalhediUthe  Blair  opening  on  Li^ 

Shale.  Pt.  In. 

Cod 2 

Shale , 10 

Coal 1    2 

Coal,  ahaly 8 

Coal 1    3 

Coal,  ahaly 1    8 

Coal....! 1 

Total  coal,  lower  bed 5    4 

There  are  really  two  beds  here,  separated  by  10  feet  of  shale,  and  it 
b  possible  that  tiie  lower  represents  the  bed  50  to  70  feet  above  the 
Gladeville  sandstone  previously  described,  the  situation  being  aroir 
lar  to  that  on  South  Fork  of  Poimd  River  between  Glady  School  and 
Donkey.  (See  p.  190.)  On  McFall  Fork,  at  location  33,  the  bed  is 
spUt  by  many  partings,  as  shown  below: 

Section  of  Blair  coal  bed  on  MeFaU  Fork  at  location  33, 

Shale,  black  at  bottom.  Ft.  in. 

Coal 6 

Parting J 

Coal 2i 

Clay 5i 

Coal 11 

Bone 2 

Coal 8 

Clay  (2  feet).  

2    ^ 

On  Mullins  Fork,  2^  miles  above  its  mouth,  at  location  34,  the  bed 
has  been  opened  and  consists  of  clean  coal  2  feet  2  inches  thick.  On 
the  new  TVise-Clintwood  road,  at  location  35,  the  following  section 
was  measured: 

Section  of  Blair  coal  bed  on  the  Wise-Clintwood  road  at  location  36. 

Shale.  Ft.  fn. 

Coal 1  2 

Clay 1  6 

Coal 7 

3    8 
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In  the  doutheast  portion  of  the  quadrangle  this  bed  is  2  to  5  feet 
thick,  including  partings. 

On  the  head  of  Dotson  Fork  of  Birchfield  Creek,  at  locations  36 
and  37,  the  Blair  bed  is  over  5  feet  thick  and  its  section  is  very  similar 
to  that  at  the  Blair  opening  Gocation  32),  described  above. 

On  Guest  River  just  north  of  Lipps,  at  location  38,  the  bed  is  com- 
posed of  dean  coal  2  feet  or  more  thick.     (See  section,  p.  191.) 

Glintwood  coal  bed. — The  Clintwood  coal  is  a  thick  bed  throughout 
the  r^on  bounded  roughly  by  Pound  River  and  Birchfield  and 
Indian  creeks  and  extending  eastward  to  Clintwood,  2  miles  east  of 
this  quadrangle,  from  which  place  the  bed  takes  its  name.  It  per- 
sists as  a  thinner  and  parted  bed  over  the  rest  of  the  quadrangle,  where 
the  rocks  at  its  stratigraphic  horizon  have  not  been  eroded.  It  is 
thickest  on  Georges  and  Lick  forks,  where  it  is  made  up  of  two  or 
more  benches  of  coal  separated  by  clay  partings,  some  of  which  are 
1  foot  or  more  thick.  In  other  parts  of  the  quadrangle  it  seems  to  be 
split  into  two  distinct  beds  separated  by  a  considerable  thickness  of 
shale  and  sandstone.  It  everywhere  maintains  a  nearly  uniform 
distance  of  200  feet  above  the  Gladeville  sandstone,  and  over  a  large 
part  of  its  area  it  is  overlain  by  a  hard  siliceous  sandstone  by  which 
its  outcrop  may  be  determined. 

The  bed  has  been  extensively  prospected  by  the  dinchfield  Coal 
Corporation  throughout  the  area  of  its  best  development.  A  few 
sections  out  of  many  are  given  below  to  show  its  thickness  and  char- 
acter. On  the  head  of  Lick  Fork,  at  location  39,  the  bed  is  15  feet 
thick,  as  shown  below: 

Section  of  Clintwood  coal  bed  on  head  of  Lick  Fork,  at  location  39. 

Shale.  Ft.    In. 

Coal  and  bone 3 

Coal 1      2 

Clay  (average) 1     3J 

Coal 3      IJ 

Clay IJ 

Coal ^ 

Bone 2J 

Coal 6    10} 

Shale 9i 

OM 1     8J 

15     5i 

This  appears  to  be  about  the  maximum  thickness  of  the  bed. 

The  general  condition  shown  by  the  section  just  given  holds  for  the 
Geoiges  Fork  region,  although  there  is  considerable  range  in  the  total 
thickness  of  the  bed  and  in  the  number  and  tiiickness  of  its  component 
parts.    The  clay  partingB  in  this  region  are  a  serious  detriment  to  the 

866*— Bull.  541—14 ^18 
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value  of  the  bed.  North  of  the  ridge  north  of  Georges  Fork  the  bed 
decreases  m  thickness  and  deteriorates  in  general  character  as  shown 
in  the  following  two  sections: 

On  a  small  stream  just  east  of  Camp  Creek,  at  k>cation  40,  and  oo 
Pound  River,  1^  miles  south  of  Phipps,  at  location  41,  the  bed  is  made 
up  as  follows: 

Sections  of  Clintwood  coal  bed  east  of  Camp  Creek  and  i}  mUss  souih  <^Pkipps. 


Loeatioa  40,  west  of  Camp  CtmIl 


Sandstone. 

Cool... 

Clay. . . 

Coal... 

Clay... 

Coal... 

Clay... 

Coal... 
Clay. 


Ft.  in. 
10 
10 

.  1      8 


i 


LoeatloB  41,  li  bUm  MVlk  of  Pklppt. 


Shale. 

Coal. 

Clay 

Coal. 

Clay. 

Coal. 
Clay. 


Ft. 

In. 

1 

4 

3 

2 

9 

1 

9 

6   1 


The  bed  is  thus  of  less  value  at  location  41  than  at  location  40. 

North  of  Birchfield  Creek,  1^  to  2  miles  west  of  the  quadrang^ 
boundary,  at  locations  42  and  43,  the  bed  is  in  good  condition  and 
is  immediately  overlain  by  sandstone. 

Section  of  Clintwood  coal  bed  north  of  Birchfield  Creek  and  H  miles  west  of  quadrangli 

boundary  y  at  location  49- 
Sandstone  (40  feet).  Ft.  in. 

Coal Si 

Clay i 

Coal 3    2J 

Clay i 

Coal 2 

Bone 4 

Clay 1    6 

Coal 1 

Clay 5 

Coal 2 

Bone 1} 

Coal IJ 

Bone 1} 

Coal 8 

Clay  (5  feet).  

O       /J 

The  bed  at  this  point  carries  3  feet  11  inches  of  workable  coal  at  top, 
the  remainder  of  the  bed  being  practically  worthless. 

At  location  43,  1^  miles  southwest  of  location  42,  the  bed  is  3  feet 
10  inches  thick  and  has  a  clay  roof  and  floor. 

Surface  indications  of  the  Clintwood  bed  were  seen  at  a  number  of 
places  in  the  southeastern  comer  of  the  quadrangle  south  of  Birchfield 
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Creek  and  on  its  headwaters,  but  no  good  exposures  were  found  from 
which  its  thickness  and  character  could  be  determined.  It  rises  to 
the  top  of  the  ridges  and  knobs  in  the  southeast  comer.  On  Indian 
Creek,  3  miles  above  its  mouth,  at  location  44,  the  bed  is  directly  over- 
lain by  heavy  sandstone,  is  broken  by  many  partings,  and  is  about 
worthless. 

Section  of  ClirUtoood  coal  bed  on  Indian  Creek,  3  m%Le$  above  iU  mo/uth,  at  loeaHon  44» 

Sandstone.  Ft.  tn. 

Coal 2rfc 

Clay 1  9 

Coal 6 

Clay 1 

Coal 3 

Clay : 5 

Coal 3 

Clay 6J 

Coal 6 

Clay  (?).  

6    ^ 

Another  bed,  1  foot  or  more  thick,  that  may  be  split  from  the  dint- 
wood,  lies  30  feet  below  the  bed  shown  in  the  preceding  section. 

In  all  the  region  west  of  Indian  Creek  and  on  Pound  River  southwest 
of  Poimd,  the  Clintwood  bed,  including  partings,  is  generally  a  little 
over  3  feet  thick  and  commonly  has  a  2-foot  bench  of  solid  coal.  At 
location  45  just  west  of  Donkey,  the  Clintwood  shows  the  following 
section: 

Section  of  Clintwood  coal  bed  just  west  of  Donkey ,  at  location  4S. 

Sandstone.  Ft.  In. 

Coal 1  11 

Clay 10 

Coal 10 

3      7 

At  this  place  the  bed  lies  in  the  bottom  of  the  Pound  syncline,  which 
here  forms  a  narrow  trough,  the  southeast  limb  of  which  dips  30®  NW. 

On  North  Fork  of  Pound  River,  three-fourths  of  a  mile  northeast  of 
Flat  Gap  post  office,  at  location  46,  the  Clintwood  bed  has  been 
opened  and  is  reported  18  inches  to  2  feet  thick,  but  it  could  not  be 
seen.  Near  the  west  margin  of  the  quadrangle,  one-half  mile  south 
of  Cumberland  River  in  Kentucky,  at  location  47,  the  Clintwood  bed 
has  been  opened  and  shows  the  section  given  below.  On  Guest  River, 
three-fourths  of  a  mile  north  of  Lipps,  at  location  48,  the  Clintwood 
seems  to  be  represented  by  two  beds  20  feet  apart  under  heavy  sili- 
ceous sandstone,  as  shown  in  the  following  section. 
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Sections  of  the  Clintwood  coal  led  at  locations  47  and  4S. 


LoeatlOB  47,  one-half  alto  louth  of  Ovmber- 
land  Bif«r  BiMx  wMt  margtai  of  qvadraiicle. 

Shale.  Ft.  in. 

Coal 2 

Clay 2 

Coal 3 

Clay 1 

Coal 7 

Clay  (1  foot  exposed).  

3     1 


X«ooAtloa  48,  on  Ontit  Bif«r,  aaar  Uppc 

Ft.   bL 

Sandstone 30 

Coal 2 

Shale  and  sandstone 20 

Coal 1 

Clay 1 

Coal 1    2 

Clay  (3  feet).  

54    3 


The  Clintwood  bedi  has  been  opened  at  several  places  on  the  east 
branch  of  Guest  River,  but  it  is  apparently  thin  and  of  little  value. 

The  general  chemical  composition  of  the  Clintwood  coal  was  not 
well  determined  because  there  was  no  opportunity  in  the  quadrangle 
to  collect  unweathered  samples  for  analysis.  Samples  were  collected 
from  working  banks  at  Clintwood  and  southward,  the  analyses  of 
which  are  given  as  Nos.  14766  and  14767  in  the  table  on  page  218. 
These  analyses  show  a  high-grade  coal. 

Coal  bed  at  top  of  sandstone  above  Clintwood  coal. — ^Locally  a  work- 
able coal  bed  occurs  at  the  top  of  the  sandstone  above  the  Clintwpod 
coal.  It  is  generally  a  thin  bed,  for  ordinarily  only  shale  is  seen  in 
the  200  feet  above  the  sandstone.  The  best  development  of  this  bed, 
so  far  as  observed  by  the  writer,  is  on  MuUins  Fork,  at  location  49. 

Section  of  coal  bed  on  the  west  side  of  Mullins  Forh,  at  location  49. 

Ft.    In. 

Coal 6+ 

Clay 1 

Coal 2 


8    6+ 


This  bed  shows  on  the  hilltops  near  Hurricane,  on  the  new  Wise- 
Clintwood  road,  but  no  good  section  of  it  was  obtained.  It  is  also 
exposed  on  the  road  west  of  Flat  Gap  post  office  near  the  west  side 
of  the  quadrangle,  at  location  50,  where  it  is  2  feet  thick. 

Thin  coal. — On  the  head  of  North  Fork  of  Pound  River  about  1 
mile  southwest  of  Flat  Gap  post  office,  at  location  51,  a  coal  bed 
about  150  feet  above  the  Clintwood  and  1  foot  thick  has  been  opened 
on  a  small  scale. 

BOLLING   COAL  BEDS. 

The  names  Upper  and  Lower  BoUing  are  here  applied  to  two  beds 
20  to  40  feet  apart,  the  upper  one  of  which  is  also  known  as  the 
Five-foot  coal.  The  Lower  Boiling  is  250  to  300  feet  above  the  dint- 
wood  bed.  The  name  is  adopted  because  one  or  both  beds  are 
worked  at  several  places  in  the  southwestern  part  of  the  quadran^e 
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by  members  of  the  Boiling  family.  The  beds  underlie  an  unbroken 
area  of  about  25  square  miles  in  the  quadrangle  west  of  Guest  River 
and  south  of  North  Fork  of  Pound  River.  They  also  underlie  an 
extensive  area  in  the  Buck  Elnob  region  and  a  number  of  smaller 
areas  on  the  high  knobs  east  of  Indian  Creek  and  south  of  Georges 
Fork.  In  the  areas  east  and  northeast  of  Indian  Creek  the  beds  are 
generally  in  their  best  condition. 

Sections  fairly  typical  for  this  region  were  measured  north  of  the 
head  of  McFall  Branch,  at  location  52. 

Section  of  Boiling  coal  beds  north  of  head  of  McFall  Branch,  at  location  52. 

LowwiMd. 


XTppcrbed. 

Shale  <5  feet).  Feet 

Coal 4 

Clay. 

Interval  40  feet. 


Shale  (4  feet).  Ft  in. 

Coal 8    4 

Bone 3 

Clay.  

8    7 


These  coal  beds  are  present  on  the  high  hills  between  the  heads  of 
Indian  and  Birchfield  creeks,  probably  on  other  knobs  in  the  south- 
east comer  of  the  quadrangle,  and  on  the  high  knob  between  the  two 
branches  of  Guest  River  southeast  of  Pinnacle  Gap. 

Between  Indian  Creek  and  Guest  River  in  the  Buck  Knob  region 
one  or  both  of  the  coal  beds  are  of  good  thickness,  except  on  the 
long  spur  north  of  Buck  Knob.  Between  Indian  and  Glady  creeks, 
at  location  53,  the  beds  are  exposed  as  shown  below: 

Section  ofBolHng  coal  heda  between  Indian  and  Olady  creeke,  at  location  5S. 


Lower  bed. 
Shale.  Ft   In. 

Coal 3 

Clay 5 


3      5 


Upper  iMd. 
Shale.  Ft   In. 

Coal 3J 

Shale... 1    6J 

Coal J 

Shale 5 

Coal 3    4J 

Interval  18  feet.  

5    8 

The  upper  bed  shows  shale  and  coal  in  the  upper  part,  a  feature  that 
is  common  in  the  bed  farther  west. 

On  the  spur  north  of  Buck  Knob,  at  location  54,  a  nimiber  of  pits  on 
both  beds  show  only  1  to  2  feet  of  coal.  This  condition  is  shown  in  the 
following  section,  which  may  be  regarded  as  typical  for  the  locality: 

Section  of  Boiling  coal  bede  on  epwr  north  of  Buck  Knob,  at  location  64. 

Ft    In. 

Coal,  upper  bed Idr 

Interval  IS  feet. 

Coal,  lower  bed 1       5 

Clay. 


5db 
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South  of  Buck  Knob  the  Upper  Boiling  bed  changes  to  a  somewhat 
^'rashj''  and  laminated  character  in  its  upper  part,  as  shown  by  the 
following  section,  measured  at  location  55: 

Section  of  Upper  Boiling  coal  bed  t  miUs  ioutheoit  of  Buck  Knob,  at  locatum  65. 

SluJe.                                                                                                    It.  in. 

Coal,  laminated 1  3 

Coal,  0oft,  shaly 3 

Coal,  hard,  bright 2 

Clay. 

3      6 

At  this  place  a  bed  reported  to  be  18  inches  thick  lies  70  feet  below 
the  Upper  Boiling.  This  is  probably  the  Lower  Boiling,  but  the  dis- 
tance between  them  is  abnormally  large. 

On  the  upper  courses  of  both  North  and  South  forks  of  Pound  River 
the  Boiling  coal  beds  are  of  fair  thickness  and  quality,  the  upper  bed 
being  about  4  feet  and  the  lower  bed  2\  feet  thick. 

At  J.  E.  Boiling's  place,  1}  miles  west  of  Dewey  (location  56),  both 
beds  are  opened  and  have  the  following  section: 

Section  o/BoUing  coal  beds  i}  miles  west  of  Dewey  y  at  location  66. 
Vpper  iMd.  Lower  b«d. 


Shale. 

Coal 

Coal,  bony. . 

Coal 

Interval  20  feet. 


Pt.    In. 

2 

Coal 

2 

Shale. 

1      9 

Ft.  tau 
2     6 


3    11 


At  location  57,  about  1  mile  southwest  of  Flat  Gap  post  office  on  the 
land  of  W.  A.  Boiling,  both  beds  have  been  opened  and  show  the  fol- 
lowing sections: 

Section  of  Boiling  coal  beds  onW.  A.  Boiling^  s  land,  about  1  mile  southwest  of  Flat  Gap 

post  office,  at  location  67. 


Ft   In. 
4 
6 
1     G 

i 
1    7} 


liOWttrbod. 
Coal  (reported  3  feet  exposed) 2 


XTpporbod. 
Shale. 

Coal  and  bone 

Clay 

Coal 

Clay 

Coal 

Shale  15  feet. 


On  the  west  side  of  the  quadrangle,  1  mile  south  of  Cumberland 
River,  in  Kentucky,  at  location  58,  both  beds  have  been  opened,  but 
only  the  lower  bed  was  accessible. 
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Section  of  the  Lower  Boiling  coal  bed  on  the  J.  H.  Mullen  estate,  on  west  side  of  quadrangle, 
1  mile  south  of  Cumberland  River,  in  Kentucky,  at  location  68, 


XTpptrlMd. 


FMt. 


Coal  (rei>orted  3+  feet  exposed) 2 


Lower  iMd. 

Ft.  in. 

Coal* 2      3 

Clay 2 

Coal> 1      6 

Clay 4 

Coal> 4 


On  PoweU  River,  on  the  south  margin  of  the  quadrangle,  at  loca- 
tion 59,  a  bed  beUeved  to  be  one  of  the  Boiling  coals  has  be^i  opened 
and  shows  the  following  section: 

Section  of  one  of  the  Boiling  coal  beds  on  Powell  River,  near  margin  of  quadrangle,  at 

location  69, 
Shale.  Ft.  in. 

Coal 8 

Clay 1 

Coal 1      8 


2      5 


On  account  of  their  extent  and  comparative  uniformity  as  work- 
able beds  throughout,  the  BoUing  coals  rank  among  the  most  valuable 
coal  beds  of  the  Virginia  part  of  the  Pound  quadrangle. 

STANDIFOBD   COAL  BEDS. 

The  BoUing  coals  are  succeeded  above  by  260  feet  of  barren  shale 
and  sandstone.  On  South  Fork  of  Pound  River  a  thin  coal  bed  80 
feet  above  the  BoUing  coal  was  seen  at  two  places,  but  east  of  Indian 
Creek  a  fuUy  exposed  section  extending  150  feet  above  the  BoUing 
coal  beds  is  without  coal  and  no  bed  of  value  is  known  anywhere  in 
the  interval. 

The  Standiford  coal  beds  are  named  from  a  man  named  Standiford, 
who  has  worked  both  beds  on  South  Fork  of  Pound  River.  The  beds 
are  20  feet  apart  at  the  type  locaUty  and  constitute  a  pair  in  aU 
respects  similar  to  the  Boiling  coals. 

The  Standiford  coal  beds  are  present  only  in  the  Buck  Ejiob  and 
Black  Mountain  regions  west  of  Guest  River,  and  their  area  is  there- 
fore much  less  than  that  of  the  BoUing  beds. 

On  the  David  SturgiU  place  at  the  head  of  South  Fork  of  Cumber- 
land River,  at  location  60,  the  Lower  Standiford  bed  is  worked.  At 
this  bank  the  bed  has  a  shale  roof  and  day  floor  and  consists  of  3  feet  2 
inches  of  dean  coal.  The  analysis  of  a  sample  representing  the  entire 
bed  is  given  as  No.  15172  in  the  table  on  page  219.  A  few  rods  east 
of  the  SturgiU  bank,  at  location  61,  is  an  opening  into  the  Upper 


1  Included  in  sample,  analysis  16173,  p.  219. 
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Standiford  bed,  in  which  the  coal  is  2  feet  6  inches  thick  and  has  a 
sandstone  roof  and  day  floor.    The  beds  here  are  about  20  feet  apart 

At  the  Standiford  place  on  South  Fork  of  Pound  Riveri  at  location 
62,  the  upper  bed  is  opened  on  the  east  side  and  the  lower  on  the  west 
side  of  the  valley. 

The  lower  bed  at  this  point  has  a  thickness  of  31  inches  of  dean  coal 
and  the  upper  bed  has  the  section  shown  bdow: 

Section  of  the  Upper  Standiford  coal  at  the  Standiford  place,  on  South  Fork  of  Pound 

Rxverf  at  location  62. 
Shale  (6  feet).  Ft.  to. 

Coal 2    2 

Farting } 

Coal llj 

Clay.  -^-j 

A  bed  identified  as  the  Upper  Standiford  outcrops  about  2^35  feet 
above  sea  levd  on  the  road  both  north  and  south  of  Fox  Gktp  between 
Guest  and  Pound  rivers.  This  bed  is  2  to  4  feet  thick,  including 
partingS;  and  is  underlain  by  purple  shale. 

The  rocks  rise  southeastward  down  Quest  River  and  cany  the  out- 
crop of  the  coal  beds  upward  into  the  hillsides,  whidx  makes  it  prob- 
able that  the  Standiford  coals  are  among  those  prospected  by  the 
Clinchfidd  Coal  Corporation  between  the  Low  Splint  (Buck  Sjiob) 
and  Boiling  coals  on  the  north  and  south  sides  of  Buck  Knob. 

On  Critical  Fork  of  Guest  River  two  beds  exposed  at  location  83  are 
regarded  as  the  Standiford  coals,  although  on  account  of  a  rather 
strong  westward  dip  the  distance  between  them  seems  greater  than 
that  known  elsewhere. 


Lower  bed. 
Shale.  Feet. 

Coal  (exposed) 2 


Section  of  Standiford  coal  beds  on  Critical  Fork  ofQueet  River,  at  loeaiAon  63. 

Upper  bed. 
Shale.  Ft.   In. 

Bone 3 

Coal 2 

Clay,  bone,  and  dirty  coal. . .  2 

Coal 3      5 

Clay 2 

Coal 3 

Clay.  

Interval  40  db  feet.  4      5 

On  Powell  River,  at  location  64,  a  bed  regarded  as  one  of  the 
Standiford  coals  is  exposed  in  the  stream. 

Section  of  one  of  the  Standiford  coal  beds  on  branch  near  head  of  Powell  River,  at  loeatkm&i. 

Ft.   In. 

Coal 1 

Clay : i 

Coal 1      ^ 

1    11 
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It  appears  from  the  foregoing  account  that  the  Standiford  coal 
beds  are  of  workable  thickness  throughout  the  Black  Mountain  and 
Buck  Ejiob  regions.  They  should  also  be  present  near  the  summit 
of  Bowlecamp  Ejiob. 

TAGGABT  COAL   BED. 

About  80  feet  above  the  Standiford  coals  lies  a  bed  known  locally 
as  the  Ta^art  bed,  which  appears  to  be  the  same  as  the  Keokee  bed 
of  the  Kentucky  reports.  It  has  been  extensively  prospected  by 
the  Virginia  CoaJ  &  Iron  Co.  on  the  head  of  Roaring  Fork  of  Powell 
River,  where  it  ranges  from  a  bed  of  solid  coal  3^  feet  thick  to  a  bed 
6  feet  thick  that  contains  a  shale  parting.  A  bed,  supposedly  the 
Ta^arty  exposed  at  one  place  on  South  Fork  of  Poimd  River,  at  loca- 
tion 65,  has  the  section  given  below.    On  the  hill  south  of  Critical 

Fork  of  Guest  River  the  section  of  the  Taggart  bed  at  location  66  is 
also  given. 

Sectiont  of  the  Taggart  coal  bed. 


ItOcatUm  fS,  on  South  Voxk  of  Pound  Blfwr. 

Shale.  Ft.  in. 

Coal 2  10 

Shale 6 

Coal 2  6 

Clay.  

11      4 


Location  M,  o|i  hill  tonth  of  Crltioal  Watt, 
Shale.  Ft.  in. 


Bone . . . 
Coal. 
Clay 
Coal. 

Clay. 


3 
11 

2 
10) 


2    2) 


On  Powell  River,  at  locations  67  and  68,  the  bed  is  in  good  con- 
dition, as  shown  by  the  following  sections: 


Sections  of  the  Taggart  coal  bed  on  Powell  River. 


Location  67. 


Coal. 
Bone. 
Coal. 


Ft. 
2 


in. 
10 

li 
5 


4J 


Location  68.  Ft. 

Coal 3 

Shale 10 

Sandstone 10 

Coal 3 

Sandstone 40 

Coal 3 

Shale  and  unexposed 10 

Coal 1 


in. 
7 


6 


81      1 


A  few  feet  away  the  upper  coal  bed  of  the  above  section  is  4  feet  6 
inches  thick,  all  coal.  Probably  the  upper  bed  is  the  Taggart  and 
the  lower  beds  are  either  not  present  or  not  exposed  in  other  sections. 
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On  Roaring  Fork  of  Powell  River  the  following  sections  furnished 
by  the  Vii^nia  Coal  &  Iron  Co.  have  been  selected  as  typical  from 
many  others. 

SeetioTU  of  the  Taggart  coal  bed  on  Roaring  Fork  of  Powell  River. 


ItOcatioaTO. 


Looatioa69. 
Shale.  Ft.   in.     Shale.  rt  in. 

Coal 2  11  Coal 4     2 

Shale 3  10    Clay. 

Coal 2 

Shale 8 

Coal 4 

Clay.  

9     9 

Attention  is  called  to  the  similarity  of  the  section  at  location  69  to 
the  section  of  the  same  bed  at  location  65  on  South  Fork  of  Pound 
River. 

On  Whitley  Fork,  in  the  southwest  comer  of  the  quadrangle,  at 
location  71,  the  bed  is  37  inches  thick. 

LOW   SPLINT  AND   ASSOCIATED   COAL   BEDS. 

Low  Splint  coal. — The  name  Low  Splint  is  applied  by  the  Vir- 
ginia Coal  &  Iron  Co.  and  by  the  Kentucky  Qeological  Survey  to  a 
bed  about  220  feet  above  the  Taggart  bed. 

The  Low  Splint  bed  is  opened  at  the  Greorge  Phillips  place,  on 
South  Fork  of  Pound  River  (location  72),  where  it  shows  the  section 
given  below.  In  a  ravine  a  short  distance  east  of  the  new  road  north 
of  Fox  Gap,  at  location  73,  the  Low  Splint  bed  is  opened,  and  the 
section  at  this  place  is  also  given. 

Sections  of  the  Low  Splint  coal  bed  at  locations  72  and  7S. 

Location  73,  oast  of  now  road  north  of  Vox  Oapw 

Shale. 

Coal 

Bone 

Coal 

Clay 

Coal,  elaty. 

Coal 

Clay 

Coal 

Clay. 

5    8 

A  coal  bed  prospected  on  Buck  Kjiob  by  the  Clinchfield  Coal  Cor- 
poration and  called  by  it  the  Buck  Knob  bed  is  probably  the  Low 
Splint. 

On  the  head  of  Critical  Fork,  at  location  74,  a  bed  that  seems  likely 
to  be  the  Low  Splint  shows  23  inches  of  coal  that  contains  a  parting 
and  is  reported  to  have  also  a  lower  bench. 


Ztooation  7S,  on  the  George  PhlUlpi  place  on 
South  Fork  of  Ponnd  Blver. 


Shale. 
Coal. 
Clay, 
Coal. 

Clay. 


Ft.  In. 
.  2    1 

2    9 


Ft 

in. 

8 

} 

2 

4J 

2 

3 

9 

3 

1 

2 
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The  Low  Splint  at  an  opening  south  of  Powell  River  (location  75) 
shows  the  following  section: 

Section  of  Low  Splint  eoal  bed  eonih  ofPotoell  Rivera  at  location  76. 

Shale.  Ft.  in. 

Coal : 1 

Bone 1 

Coal 3     4 


3     6 


The  Low  Splint  bed  has  been  thoroughly  prospected  on  Roaring 
Fork  by  the  Virginia  Coal  &  Lx)n  Co.,  and  two  representative  sec- 
tions are  given  below: 

Sections  of  Low  Splint  bed  on  Roaring  Fork. 


Shale. 
Coal. 
Shale. 
Coal. 
Shale. 
Coal. 


LooatUm  79,  on  weit  tide. 


Ft.     In. 

.  1  7 
3 

.  1  1 
3 
4 


Location  77,  on  head  of  ihn. 
Shale.  .  yt    in. 

Coal :....  2        9 

Shale. 


3      6 

Phillips  coal. — ^At  the  head  of  South  Fork  of  Poimd  River,  near 
the  house  of  Ambrose  PhiUips,  a  coal  bed  260  feet  above  the  Low 
Splint  bed  and  provisionally  named  the  PhiQips  bed,  has  been 
opened  at  location  78.  It  is  reported  to  be  a  splint  coal  2  feet  2  inches 
thick,  all  clean  coal  at  this  location.  On  the  head  of  Critical  Fork  of 
Guest  River  (location  79)  a  bed  reported  to  be  4  feet  thick  appears 
to  He  at  the  horizon  of  the  PliiUips  coal.  Near  by  the  same  bed  is 
at  least  2  feet  thick  but  is  not  fully  exposed.  The  Phillips  coal  may 
be  the  same  as  the  Dean  coal  of  Kentucky. 

Coal  bed  80  feet  above  the  PhiUips  coal. — ^At  the  PhiUips  place  (loca- 
tion 80)  an  18-inch  bed  not  observed  elsewhere  occurs  80  feet  above 
the  Phillips  coal. 

Coal  bed  216  feet  above  the  PhiUips  coal. — At  the  head  of  South 
Fork  of  Pound  River,  at  location  81,  a  bed  is  exposed  215  feet  above 
the  PhiUips  bed.  A  bed  regarded  as  the  same  as  that  at  location  81 
is  exposed  on  the  head  of  Critical  Fork  (location  82).  The  sections  at 
locations  81  and  82  are  as  foUows: 

Sections  of  coal  bed  215  feet  above  the  PhiUips  bed. 


Location  81,  on  head  of  Sonth  Fork  of 

Pound  Blver. 

Shale.  yt.    in. 

Coal 1      4 

Shale • 6 

Coal 6 

Clay 2 

Coal 1      7 

Clay.  


Location  82,  at  head  of  Critieal  Fork. 

Sandstone.      ,                                 ^-  to- 

Coal 1  2 

Clay 2 

Coal,  hard 2 
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PABDEE    (limestone   OB  PABSONS)   COAL  BXD. 

The  Pardee  coal  bed  take3  ita  name  from  the  Pardee  miney  wMch 
Ilea  ju0t  beyond  the  aouthweat  comer  of  the  quadrangle.  It  13  called 
the  lomeatone  bed  in  reports  of  the  Kentucky  Greological  Survey 
becauae  of  the  occurrence  of  a  persistent  limestone  50  to  100  feet 
above  it  to  the  west  of  this  quadrangle  in  Kentucky.  It  i3  also 
called  the  Parsons  bed  by  the  Virginia  Coal  &  Iron  Co. 

The  Pardee  bed  lies  385  feet  above  the  Low  Splint  bed.  It  is  7  to 
10  feet  thick  where  imbroken  by  partings  but  differs  greatly  in  short 
distances  owing  to  the  occurrence  of  partings  of  clay  or  shale  which  in 
places  attain  a  thickness  of  several  feet.  It  underlies  only  a  small 
area  near  the  top  of  Black  Mountain.  It  is  mined  at  the  Pardee  mine 
and  has  been  very  thoroughly  prospected  around  the  head  of  Roaring 
Fork  by  the  Virginia  Coal  &  Iron  Co. 

A  section  of  the  bed  obtained  on  South  Fork  of  Pound  River,  at 
location  83,  is  as  follows: 

Section  of  Pardee  coal  bed  on  SoiUh  Fork  0/ Pound  River,  at  location  83. 

Ft.    In. 
Coal 1      6 

Clay aj 

CoaL 1      7 

Clay i 

Coal 7 

Clay 3 

Coal i 

Clay } 

Coal 4 

Clay 1 

Coal 1      li 

Clay 2 

Coal 11 


6    Hi 

The  following  sections,  measured  at  locations  84,  85,  and  86,  near 
the  head  of  Roaring  Fork,  have  been  selected  from  those  furnished  by 
the  Virginia  Coal  &  Iron  Co.: 

Sections  0/ Pardee  coal  bed  near  head  of  Roaring  Fork, 
[Furnished  by  the  Virginia  Coal  &  Iron  Co.] 

Location  86,  near  head  of  Straight  Vak. 


Location  84,  between  Boarlnf  Fork  and  Powell 

Hirer. 
Shale.  Ft.   in. 

Coal 2 

Shale 12 

Coal 1    2 

Shale 20 

Coal 1    2 


36    4 
Location  85,  near  head  of  Straight  Fork. 

Shale.  Ft.   In. 

Coal 6      6 

Shale. 


Shale. 
Coal.. 
Shale. 
Coal. 
Shale. 
Coal. 
Shale. 
Coal. 


Ft 

in. 

4 

6 

7 

2 

7 

} 

1 

6 

3 

.  1 

9 

U    2i 
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The  Pardee  coal  is  rather  hard  and  its  composition  is  that  common 
to  the  Virginia  and  eastern  Kentucky  coals,  as  shown  by  analysis  No. 
15099  in  the  table  on  page  218,  which  represents  the  entire  bed,  9  feet 
7  inches  thick. 

HIGH  SPLINT  GOAL. 

Practically  400  feet  above  the  Pardee  bed  lies  the  High  Splint  bed, 
well  known  to  the  west  of  this  region  in  Kentucky.  It  is  a  genuine 
splint  coal  4  to  5  feet  thick,  underlying  a  small  area  near  the  top  of 
Black  Mountain.  On  the  north  side  of  the  mountain  at  the  head  of 
South  Fork  of  Pound  River,  at  location  87,  the  following  section  was 
obtained: 

Section  o/SUgh  Splint  coal  bed  at  head  of  South  Fork  of  Pound  River,  at  location  S7. 


Saadfltone. 
Goal.. 
Bone.. 
Coal.. 


Ft.  In. 
3      4 
1 
1 


The  following  sections,  measured  at  locations  88  and  89,  are  taken 
from  those  furnished  by  the  Virginia  Coal  &  Iron  Co.  They  were 
obtained  in  the  course  of  extensive  prospecting  around  the  head  of 
Roaring  Fork  of  Powell  River. 

Section  of  High  Splint  coal  at  location  88,  on  point  of  ridge  between  Powell  and  Roaring 

forks. 

Shale.                                                                                                    Ft.  in. 

Coal 2  4 

Shale 2 

Coal 6 


At  the  head  of  the  right  fork  of  Roaring  Fork  Gocation  89)  three 
sections  measured  within  a  distance  of  1,000  feet  are  of  interest  on 
accoimt  of  the  irregularity  which  they  exhibit. 

Section  of  High  Splint  coal  at  locaiion  89,  head  of  right  fork  of  Roaring  Fork, 


8«etlim  Vo.  1. 


Shale. 

Coal. 

Shale. 

Coal. 

Shale. 

Coal. 
Shale. 


Ft  in. 
1    2 
1    2 
2 

1  10 

5    li 


Shale. 
Coal. 
Shale 
Coal. 

Shale. 

Shale. 
Coal. 


Beotton  Vo.  S. 


Ft.  in. 

.  1  10 

.  4  9 

.  1  2 


Section  Vo.  S. 


7      9 

Ft   in. 
.  4      5 


The  condition  shown  by  these  sections  is  exceptional. 
This  coal  appears  to  be  of  excellent  quality  and  is  said  to  bum 
very  freely.    No  samples  of  unweathered  coal  could  be  obtained 
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for  analysis.  Except  for  the  local  irregularity  shown  by  the  three 
sections  at  location  89  the  bed  is  uniform  in  thickness  and  character, 
maintaining  a  general  thickness  of  4  to  4^  feet  all  aioimd  the  head 
of  Roaring  Fork.  At  only  one  place  does  its  thickness  fall  as  low  as 
3  feet  4  inches,  except  at  its  extreme  southeastern  part,  where  it  is 
thin  and  much  parted,  as  shown  by  the  section  at  location  88. 

COAL  BEDS  ABOVE  THE  HIGH  SPLINT  BED. 

On  Black  Mountain,  at  two  places  at  least,  coal  was  seen  aboTe 
the  High  Splint  bed,  but  the  beds  were  not  weU  exposed  and  no 
information  was  obtained  about  their  thickness  or  character. 

COAL  IN  THE  XENTTJCKY  ABBA. 

The  number  and  sequence  of  coal  beds  exposed  in  the  part  of  the 
Pound  quadrangle  that  lies  in  Kentucky  are  shown  in  the  columnar 
section  for  Kentucky  on  Plate  XI.  The  Bingham,  Lower  Elkhoro, 
Upper  Elkhom,  and  Hyden  (Fire  day)  beds  are  the  only  beds  that 
are  named,  but  several  unnamed  beds  of  some  value  are  associated 
with  those  that  are  named. 

Bingham  coal. — The  lowest  coal  bed  exposed  in  the  Kentucky 
part  of  the  Pound  quadrangle,  identified  as  the  Bingham  bed,^  is 
seen  at  location  124  along  the  rdlroad  on  Shelby  Creek,  1  mile  south 
of  the  north  edge  of  the  quadrangle.  The  bed  is  here  composed  of 
solid  coal  2^  feet  thick.     It  is  not  exposed  elsewhere  in  the  quadrangle. 

Thin  coal  beds  hdow  the  Lower  Elkhom  bed. — ^Along  the  new  railr 
road  to  Jenkins,  between  Shelby  Gap  and  McPeak  Branch,  two  coal 
beds  within  50  feet  below  the  Lower  Elkhom  bed  are  exposed  at  a  few 
places.  The  first  coal  is  10  to  25  feet  below  the  Lower  Elkhom  and 
is  12  to  14  inches  thick;  the  second  is  about  50  feet  below  the  Lower 
Elkhom  and,  at  the  place  observed  (location  125),  is  18  inches  thick. 
They  were  not  seen  elsewhere. 

Lower  EOchom  coal. — ^The  Lower  Elkhom  bed  is  best  known  along 
Elkhom  Creek  and  its  western  tributaries  in  the  country  northeast  of 
McPeak  Branch.  It  dips  southwestward  under  the  bed  of  Elkhom 
Creek  at  the  mouth  of  McPeak  Branch  and  under  Middle  or  Straight 
Branch  of  Beefhide  Creek  1  mile  above  the  mouth  of  the  branch.  It 
does  not  outcrop  west  of  a  line  connecting  the  points  described  unless 
a  bed  which  outcrops  on  Kentucky  River  between  Holbrook  Branch 
and  Laurel  Fork  is  the  Lower  Elkhom. 

Throughout  most  of  the  territory  in  which  the  Lower  Elkhom  coal 
outcrops  it  is  3  to  3i  feet  thick  and  has  in  the  middle  a  highly  charac- 
teristic bench  of  bright,  soft,  flaky  coal  of  impure  composition.  On 
Pigeon  Branch,  near  the  north  edge  of  the  quadrangle,  at  location 

1  stone,  R.  W.,Coal  nsooroeB  of  tbe  RuneU  Fork  bastn  in  Kentucky  and  VirgilniR:  U,  8»0«ol.  8arf«y 
Bi]lL848»190B. 
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126,  the  bed  is  2  feet  8  inches  thick,  contains  iiie  layer  of  flaky  coal, 
and  is  shaly  in  the  middle.  At  location  127,  on  Big  Branch,  1^ 
miles  southwest  of  Pigeon  Branch,  and  at  location  128,  at  the  mouth 
of  a  branch  one-half  mile  south  of  location  127,  the  following  sections 
were  measured: 

SeetUms  of  Lower  EWiom  coal  led  at  loeatiofu  lt7  and  lt8. 
XiOcatUm  U7,  oa  Blf  BnaOh. 

SandBtone.  Ft    in. 

Coal,  one-fourth  inch  hiyen 
with  "rash"  partingB 2 

Coal 4 

Parting \ 

Coal 1      3J 

Coal,  bony 10 

Shale,  coaly 1      6 


Locatioa  UM,  BMir  Xlkkom  OiMk,  S  bUm  Mstk- 
WMt  of  Borthoast  ooner  of  qiuUlxaaffto. 

Sandstone.  Ft  In. 

Coal 6 

Coal,  shaly 2 

Coal,  bottom  not  seen *. .  11+ 


3      6+ 


At  location  129,  on  Shelby  Creek  2  miles  south  of  the  quadrangle 
edge,  the  bed  is  2  feet  4  inches  thick,  and  at  Ratlifl^s  bank  on  Elkhom 
Creek,  5  miles  northeast  of  Jenkins  (location  130),  the  bed  is  3  feet 
thick.     The  sections  at  locations  129  and  130  are  as  follows: 

Sectumi  of  the  Lower  EUchom  coal  bed  at  locationa  129  and  ISO. 


JjaotMan.  U9,  on  Shelby  OxMk  S  bQm  sontli  of 
the  qnadruiflt  edge. 

Sandstone.  Ft  in. 

Coal,  laminated 1      3 

Coal,  irr^:ularly  jointed 1      1 

2      4 


XiOcatUm  110,  at  SatlUTi  baak  oa  Xlkkoia  OiMk, 
6  aUlei  Borthoast  of  Jeaktau. 

Sandstone.  Ft  in. 

Coal> 8 

Coal,  laminated  ' 1 

Coal> 1  ^ 


3      i 


The  coal  was  sampled  at  this  mine,  the  laminated  part  and  the 
remainder  being  sampled  separately.  At  location  132,  on  Johns 
Fork  1^  miles  south  of  the  quadrangle  edge,  the  Lower  Elkhom  bed 
is  2  feet  9  inches  thick  and  has  a  2-inch  laminated  layer  near  the 
middle.  On  Kentucky  River,  bet  7een  Holbrook  Branch  and  Laurel 
Fork,  a  bed  2  feet  thick  and  250  feet  below  the  Upper  Elkhom  bed 
outcrops  along  the  road.  This  may  be  the  Lower  Elkhom,  although 
its  characteristic  laminated  bench  was  not  observed.  A  coal,  appar- 
ently thin  and  of  no  value,  which  shows  at  water  level  on  Kentucky 
River  and  on  Boone  Fork  near  its  mouth,  is  possibly  also  the  Lower 
Elkhom. 

On  Straight  or  Middle  Fork  of  Beefhide  Creek,  at  location  131,  a 
bed  2  feet  8  inches  thick  Ues  220  feet  below  the  Upper  Elkhom  coal 
and  apparently  has  not  the  laminated  bench.    This  bed  may  be  the 


I A11AI71I9  No.  14970,  p.  219. 


*  Analysii  No.  14971,  p.  319. 
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Lower  Elkhom,  but  the  shorter  distance  below  the  Upper  Elkhom 
and  the  absence  of  the  laminated  bench  are  features  that  suggest  that 
it  may  be  ilie  bed  60  feet  above  the  Lower  Elkhom  on  Elkhom  CSreek 
described  below. 

(7oaZ  hed  60  feet  above  the  Lower  EOchcm  coal. — On  EUdiom  CSreek 
ono-fourth  of  a  mile  west  of  Shelby  Gap,  at  location  133,  a  thin  coal 
bed  60  feet  above  the  Lower  Elkhom  coal  is  exposed  at  the  top  of  a 
railroad  cut.  A  bed  about  1  foot  thick  and  about  220  feet  below  the 
Upper  Elkhom  bed,  which  shows  on  Long  Fork  of  Shelby  Creek  just 
off  the  north  edge  of  the  quadrangle,  and  a  bed  1  foot  thick  and  about 
185  feet  below  the  Upper  Elkhom  bed,  which  outcrops  in  the  bed  of 
Potter  Fork,  about  1  mile  above  Boone  Fork,  at  location  134,  are 
referred  to  the  same  horizon. 

Coal  led  120  feet  hdow  the  Upper  EOchom  led. — ^In  a  railroad  cut  at 
the  tipple  of  Consolidation  No.  201  mine  a  coal  2  feet  thick  and  about 
120  feet  below  the  Upper  Elkhom  bed  is  exposed.  On  Bens  Branch, 
near  Consolidation  No.  202  mine,  at  location  135,  the  same  bed  has 
the  following  character: 

Section  of  coal  hed  on  Bens  Branch  at  loeotum  1S6. 

Sandstone.  Ft  in. 

Coal 1  3 

Bone 1 

Coal,  hard 6 

Coal 6 

Sandstone.  ■■ 

2  4 

At  location  136,  on  Little  Laurel  or  Fishpond  Branch  of  Kentucky 
River,  this  bed  outcrops  in  the  same  position  relatively  to  the  Upper 
Elkhom  bed  and  appears  to  be  fairly  thick,  but  more  definite  knowl- 
edge of  the  bed  at  that  point  was  not  obtainable.  On  Kentucky 
River  one-half  mile  below  the  mouth  of  Boone  Fork,  at  location  137, 
a  bed  15  inches  thick  is  referred  to  this  horizon,  and  a  2-foot  bed  that 
outcrops  on  MiUstone  Creek  just  east  of  the  edge  of  the  quadran^  is 
probably  the  same. 

On  P^eon  Branch,  near  location  126  on  the  Lower  Elkhom  bed,  a 
bed  of  clean  coal  4^  feet  thick  occius  about  150  feet  above  the  Lower 
Elkhom  bed.  This  bed  appears  also  to  be  the  same  as  that  120  feet 
below  the  Upper  Elkhom.  It  is  a  valuable  bed  in  the  Pigeon  Creek 
region  and  perhaps  also  westward  toward  Shelby  Creek. 

Coal  heds  Jfl  and  60  feet  hdow  the  Upper  EUchorn  hed. — On  Elkhom 
Creek,  at  the  tipple  of  Consolidation  No.  205  mine,  and  also  in  a  rail- 
road cut  near  McRoberts,  at  location  138,  two  coal  beds  are  eizposed 
below  the  Upper  Elkhom  coal,  as  shown  in  the  following  aeoti^His: 
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Sections  ofeoal  beds  40  andSO/eet  behto  the  Upper  Elkhom  bed. 


Ttppls  of  OoBioadatioii  Vo.  tM  mtM. 

Goal,  Upper  Elkhom.  Fwt 

Shale 40 

Coal 2 

Shale 10 

Coal 1 


53 


Location  Itt,  bmt  XoBoborti. 


Coal,  Upper  Elkhom.  Ft 

Shale 40 


in. 


Coal. 
Shale.... 

Coal. 
Clay 


1 

20 
2 
4 


67      8 


The  upper  one  of  these  beds  appears  to  be  3  feet  thick  in  a  road  cut 
on  Elkhom  Creek  a  short  distance  above  No.  205  mine.  One  of  the 
beds  is  exposed  in  a  raiboad  cut  near  Consolidation  No.  204  mine  and 
one  has  been  opened  at  two  places  on  Pine  Creek  near  the  west  edge 
of  the  quadrangle,  at  location  139,  where  it  is  28  inches  thick  and  has 
a  sandstone  roof  and  clay  floor. 

Upper  Elkhom  coal. — ^The  Upper  Elkhom  is  the  great  coal  bed  in 
this  part  of  Kentucky.  It  ranges  from  6  to  8  feet  thick  over  all  that 
part  of  the  area  between  Shelby  Creek  and  Boone  Fork  of  Kentucky 
River.  West  of  Boone  Fork  it  decreases  in  thickness  to  4  feet  or  less 
on  Rockhouse  Creek.  East  of  Boone  Fork  it  is  nearly  everywhere 
divided  near  the  middle  by  a  soft  flaky  clay  parting  that  has  a  maxi- 
mum thickness  of  1  foot.  Exceptionally,  as  at  No.  201  mine,  this 
parting  is  a  little  more  than  2  feet  thick.  On  Rockhouse  and  Mill- 
stone creeks  the  parting  is  not  present  and  the  bed  consists  of  a 
single  bench. 

The  4-foot  bed  on  Rockhouse  Creek  was  regarded  by  Hodge  *  as  a 
different  bed  from  the  Upper  Elkhorn,  but  thorough  and  continuous 
prospecting  by  the  ConsoUdation  Coal  Co.  has  shown  beyond  question 
that  the  coal  on  Rockhouse  Creek  is  the  Upper  Elkhom. 

A  few  selected  sections  given  below  exhibit  the  general  range  of 
thickness  and  character  of  the  bed. 

Sections  of  Upper  Elkhom  coal  bed  at  locations  140  and  141  and  at  Consolidation  No.tOl 

mine, 

ContoUdatioii  Vo.  SOI  mine. 


Location  140,  near  Shelby  Gap. 

Shale.                                                   Ft.  in. 

Coal 1  1 

Clay 4 

Coal 2  9 

Clay.  

4  2 

Loeatioa  141,  at  Hayiiei  openinc  near  head  of 
loft  fork  of  Mawhall  Braneh. 

Shale.                                                   Ft.  in. 

Coal 1  1 

"Raah" 3 

Coal 2  6 

Clay 1 

Coal 3 


Shale. 
Shale,  cannel. 

Coal 

Clay 

Coal 


Ft. 

in. 

3 

3 

4 

1 

3 

3 

8 

8      6 


10 


1  Hodge  J.  M.,  Kentucky  Qeol.  Surrey  Bull.  11, 1910. 
365*— Bull.  541—14 ^14 
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Possibly  there  is  another  bench  of  coal  in  the  section  at  location  140 
below  the  lower  day,  as  in  the  section  measured  at  the  Haynes 
opening. 

The  lower  15  inches  of  the  bed  at  the  Consolidation  No.  201  mine  is 
partly  hard  splint  coal.  The  occurrence  of  splint  coal  in  the  lower 
part  of  the  Upper  Elkhom  bed  prevails  widely  in  the  region. 

Sections  of  Upper  Elkhom  coal  bed  in  Consolidation  No,  t04  mine. 

SMtloa  at  moutli  of  adaa. 
Shale.  Ft.     in. 

Coal 3    10 

Clay,  5  to  7  inches,  average. .  5} 

Coal 4      3 


8      6} 


S«etloa  at  face  of  mala  oast  entry  1,700  feet  from 
month  of  mine. 

Ft.     in. 


Coal>, 
Clay.. 
CoaP. 


3      7 
3 
3      8} 

7      6J 


Section  at  faoe  of  mala  eatrj  ItTM  feet  firam 
BMatkofadaa. 

Ft  in. 

Coal* 4 


Clay.. 
Coal«. 


8     5 


Sections  of  Upper  Elkhom  coal  bed  at  various  loeatUms. 


Xioeatlon  14t.  on  Lanrel  Fork  of  Sentncky  BiTer 
4i  milei  ioatliweat  of  JeaUne. 

Shale.  Ft     in. 

Coal 2     4 

Clay 4 

Coal 3      4 


Location  liS,  on  bottom  Fork  of  Kentucky  Rirer. 
Shale.  Ft.      in. 


Coal. 
Clay. 
Coal. 
Clay. 
Coal. 


4J 
2 

3i 
8 


6 


Location  144,  on  Pine  Creek  near  weat  edge  of 

qnadranfle. 
Shale.  Ft.     in. 

Coal 2      1 

Clay 4 

Coal 1 


Location  14S,  on  null  bxaaoli  of  MOMoBOfM^ 
lailleaorthof  BeatMkjBlw«r« 

Shale.  Ft  Id. 

Coal 1    10 

Clay 1 

Coal 4     9 


6     8 


Location  146,  at  the  Xnae  Pottar 

Potter  Fosk. 
Shale.  Ft  in. 


Coal. 
Clay, 
Coal. 
Clay, 
Coal. 


2 


2 


2 

7 

^ 


9     6 


At  Coniolidatioa  Ho.  ai4  adas  at  X^B^bevti. 

Shale.                                             Ft  tau 

Coal S  8 

Clay 2 

Coal 3  4 


7      2 


1  Indaded  in  sample  for  analysis  No.  14004,  p.  219.     *  Induded  in  sample  for  analysis  No.  14006,  p.  SIO. 
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Section  of  Upper  EJkhom  coal  bed  at  varitme  locations — Continued. 


LoeatlOB  147,  on  WMt  ild«  of  Boufhlilo  OxMk 

BOAT  qvadzmasto  tdft. 
Shale.  Ft   In. 

Coal 1      6 

Clay 5 

Coal 3      6 


5      5 
liocation  Itt,  on  Long  Forii  near  north  odge  of 


Shale.  Ft  in. 

Coal 3  6 

Clay 3J 

Coal 2  3 


5    11} 


Xioeatlon  14§,  on  Boon*  Fork. 

Shale.  ^  to- 

Coal 2      1 

Clay 2 

Coal 3    10 


6      1 


Xioeatlon  IM,  on  RoekhonM  OxMk  at  odgo  of 

gnadxangift. 
Sandstone.  Ft   in. 

Coal 3      5 

location  Ul,  on  Meadow  Braneh  of  MHIftone 

Creek. 
Shale.  Ft  In. 

Coal,  clean 4      9 


The  thickness  at  the  Isaac  Potter  opening  (location  146)  seems  to 
be  the  maximum  for  the  bed  in  this  region. 

The  Upper  fllkhom  is  a  very  high  grade  bituminous  coal,  especially 
adapted  to  the  manufacture  of  gas.  On  Elkhom  Creek,  according 
to  tiie  analyses  of  the  Consolidation  Coal  Co.,  it  is  imcommonly  low 
in  ash.  Analyses  14904  and  14905,  though  numerically  inadequate, 
indicate  its  probable  range  of  composition.  The  composition  shown 
in  analysis  14904  probably  more  nearly  represents  its  prevailing 
character  than  that  shown  in  analysis  14905. 

The  principal  defect  of  the  bed  in  this  vicinity  is  its  weak  roof. 
Immediately  over  the  coal  lies  a  few  feet  of  soft  shale  which  is  very 
likely  to  faU  with  the  top  coal  and  which  on  accoimt  of  its  crumbling 
character  can  not  be  economically  separated  from  the  coal.  This 
feature  makes  it  necessary  to  leave  1  foot  to  15  inches  of  the  top  coal 
for  roof.  It  is  hoped  that  a  lai^e  part  of  this  roof  coal  may  be  recov- 
ered on  the  abandonment  of  the  worked-out  parts  of  the  mines. 

The  coal  is  mined  extensively  at  Jenkins  and  McRoberts  by  the 
Consolidation  Coal  Co.,  and  most  of  the  output  is  shipped  to  Michigan 
for  consumption  in  by-product  coke  ovens.  It  seems  to  be  excellently 
adapted  to  such  use. 

Coal  bed  SO  feet  cibove  the  Upper  Elkhom  coal, — Near  location  149, 
on  Boone  Fork;  at  location  150,  on  Rockhouse  Creek;  and  at  location 
151,  on  Millstone  Creek,  an  IS-inch  coal  lies  20  feet  above  the  Upper 
Elkhom  bed. 

Coal  led  60  feet  above  the  Upper  Elkhom  coal. — On  the  new  road  be- 
tween Elkhom  Creek  and  McRoberts  a  coal  bed  60  feet  above  the 
Upper  Elkhom  bed  has  been  exposed.  Above  Consolidation  No.  207 
mine  it  is  1  foot  thick  and  above  No.  214  mine  it  is  8  inches  thick. 

CocH  led  176  feet  above  the  Upper  Elkhom  coal. — On  the  new  road 
just  mentioned  a  coal  bed  175  feet  above  the  Upper  Elkhom  bed  at 
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No.  207  mine  has  been  exposed.    At  that  place  it  is  worthlesSy  as 
shown  by  the  section  below. 

Section  of  coal  bed  175  feet  above  the  Upper  Elhhom  coal,  on  new  road  above  No,  207  vtme. 

Sandstone.  Ft.  In. 

Coal 2J 

Clay 2i 

Coal 1 

Olay 1 

Coal 11 

Clay 2     5 

4    10 

Near  the  head  of  Elkhorn  Creek,  at  location  152,  this  bed  shows 
the  following  section: 

SeetUm  of  coal  bed  near  head  ofEJihom  Creek,  at  location  152, 

Sandstone.  Ft.  In. 

Coal 2 

Clay 2 

Coal 4 

Clay 4 

Coal 1  4 

2    4 

At  this  place  the  bed  is  about  160  feet  above  the  Upper  Elkhom. 

Coal  led  200  feet  above  the  Upper  ElkTiom  coal. — ^At  No.  207  mine 
in  the  new  road  to  McRobcrts  a  bed  that  contains  3  feet  4  inches  of 
clean  coal  is  exposed  200  feet  above  the  Upper  Elkhom  coal.  A  bed 
near  this  horizon  appears  to  bo  persistent  in  the  region. 

On  the  west  side  of  the  ridge  above  No.  214  mine  the  bed  also  shows 
3  feet  4  inches  of  coal.  A  bed  opened  at  the  head  of  Wrights  Fork 
(location  153)  and  reported  to  be  2  to  2 J  feet  thick  maybe  this  bed 
or  the  one  discussed  xmder  the  next  heading.  A  bed  opened  on  the 
head  of  Rockhouse  Creek  just  beyond  the  north  botmdary  of  the  quad- 
rangle, near  location  154,  is  regarded  as  this  bed.  At  this  place  25 
inches  of  clean  coal  was  seen  and  the  thickness  may  be  greatw.  Fos- 
sil ferns  collected  from  the  bed  at  this  point  indicate  the  horizon  of 
the  Clintwood  coal  of  Virginia. 

Ooal  bed  2^0  feet  above  (he  Upper  Elkhom  coal. — ^A  bed  containing 
2  feet  2  inches  of  clean  coal  is  exposed  on  the  new  road  to  McRoberts, 
about  240  feet  above  the  Upper  Elkhom  at  No.  207  mine.  This  bed 
has  not  been  recognized  elsewhere. 

Goal  bed  SJfi  feet  above  the  Upper  Elkhom  coal. — On  the  new  road 
to  McRoberts  a  bed  340  feet  above  the  Upper  Elkhom  and  almost 
30  inches  thick,  apparently  clean  coal,  shows  on  both  sides  of  the 
summit  and  about  120  feet  below  it. 
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Hyden  (Fire  Clay)  coalhed, — ^A  thick  coal  bed  lies  400  feet  above  the 
Upper  Elkhom  bed,  as  detennined  at  widely  separated  points  in  the 
region.  This  bed  is  characterized  by  a  parting  of  flint  clay,  from 
which  it  has  been  named  the  Fire  Clay  bed  in  reports  of  the  Kentucky 
Oeological  Survey.^  It  is  also  called  the  Hyden  bed,  and  that  name 
is  adopted  here. 

The  best  exposure  of  the  Hyden  bed  in  this  area  is  at  the  opening 
of  M.  B.  ToUiver  on  Meadow  Branch  near  the  west  side  of  the  quad- 
rangle, at  location  155.  On  the  new  road  to  McRoberts  the  bed  is 
exposed  at  location  156  on  the  west  side  of  the  summit  and  71  feet 
below  it.    The  sections  at  locations  155  and  156  are  as  follows: 

8ecUon$  of  Hyden  coal  bed  at  loeatipng  156  and  256. 

liOoatlon  IM,  «■  WMt  tf  d«  of  i 
road  to  XeBob«rts. 

Shale. 

Coal 

Clay,  flint 

Coal 


Ft  in. 

.  3      2 

5 

.  1      1 

4     8 


XiOeatiOB  US,  at  X.  B.  ToIUvwr*!  baak  on 
Xeadow  Branoli. 

Shale. 

Shale,  black,  fiaaile  (1  foot).           Ft.  in. 

Coal 3  5 

Clay,  flint 4 

Coal,  splint  at  top 1  5 

Coal,  cannel 3 

Clay 1 

Coal,  splint 9 

6      3 

At  the  opening  of  W.  M.  Yonts,  one-half  mile  northwest  of  Baker 
post  office,  at  location  157,  and  near  the  head  of  Long  Fork,  at 
location  158,  the  bed  is  made  up  as  follows: 

Sections  of  Hyden  coal  bed  at  locations  157  and  158. 

Looation  158,  near  the  head  of  Lone  Fofk. 


XfOoatioB  117,  opeainc  of  W.  X.  Yonts.  one-half 
mile  northWMt  of  Baker  poit  office. 


Shale,  black  (4  inches). 

Coal 

Pyrite 

Coal 

Coal,  with  streaks  of  clay  and 
bone 

Clay,  flint 

Coal,  splint,  thin  clay  partings 
and  bony;  thickness,  6  to  10 
inches,  average 


Ft    in. 
1 

1 
1    6 

8 
li 


8 


Coal 

Clay,  flint. 
Coal 


Ft 

in. 

2 

6 

4 

1 

6 

4      i 

A  coal  bed  high  on  the  hill  at  the  head  of  Big  Branch  in  the  north- 
east comer  of  the  quadrangle,  at  location  159,  reported  to  be  4  feet  thick 
is  certainly  the  Hyden  bed.  Reports  are  current  of  a  bed  at  this 
horizon  at  other  places  in  the  area  and  leave  no  doubt  of  its  persist- 
ence, probably  as  a  workable  bed. 


1  Kentacky  Oeol.  Survey  Bull.  11, 1010. 
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Coal  beds  above  the  Hyden. — On  the  new  road  to  MbRoberts,  just 
below  the  summit  on  the  east  side,  at  location  160,  a  coal  is  exposed 
50  feet  above  the  Hyden  bed.    Its  section  is  as  foUows: 

Section  of  coal  bed  60  feet  above  the  Hyden  bed  on  new  road  to  McRobertef  at  location  160. 

Shale.                                                                                                  Ft.  In. 

Bone 1 

Coal 8 

Bone 8 

Clay 5 

Coal 2 

8 

Mr.  M.  B.  Tolliver  reports  a  coal  6  feet  thick  above  the  Hyden  bed 
at  his  opening,  at  location  155,  and  the  presence  of  a  bed  in  that 
position  is  indicated  by  a  bloom  above  the  opening.  On  the  hi^ 
ridges  in  the  northwest  comer  of  the  quadrang^  500  feet  of  strata 
overUe  the  Hyden  bed.  According  to  Bulletin  11  of  the  Kentadcy 
Geological  Survey,  at  least  three  coal  beds  occur  in  this  interval,  but 
no  exposures  of  any  of  these  beds  were  discovered  by  the  writer 
although  the  beds  are  probably  present. 

QUANTITY  OP  UIjTIMATBIiY  AyAIIiABI^  COAXi. 

The  quantity  of  ultimately  available  coal  in  the  Pound  quadrangle 
has  been  computed  with  the  results  shown  in  the  following  table: 

Tonnage  of  available  coal  in  the  Pound  quadrangle. 


Bed. 


vntoiNU. 


Hig:hSpUnt.. 
Pardee. 


First  coal  below  Pardee... 
Second  coal  below  Pardee. 
Phillii 
Low 


Spiiiat'. 


Taggart 

Upper  Standlford 

Lower  Standlford i 

Upper  BoUlng 

Lower  Boiling , 

First  coal  above  Clintwood. 

Cllntwood  (thick) 

Clintwood  (thin) 

Blair 


Thiok- 


Ft.  in, 
8  10 
7 


Coal  70  feet  above  Glamorgan. . 

Glamorgan  (thick) 

Glamorgan  (thin) 


2 
1 
2 
3 
4 
3 
2 
3 
2 
2 
7 
3 
2 
2 
2 
2 


6 


6 
4 
4 

3 
8 
8 
6 
7 


Total  Wise  formation. . 

Norton  formation 

Lee  formation 


7 
7 


2 
4 


Total  coal  in  Virginia. 


8f,mL 

Leo 

4.80 
0.57 
&17 
0.02 
13.02 
17.19 
20.15 
20.15 
30.10 
80.19 
75.92 
17.01 
58.00 
0L20 
00.81 
50.80 
40.20 


137.73 
137.72 


7,O80^Qi 
4i;  470^01 

9,520^001 

ai^ioo^on 
5o,5Son 
7«^fio,on 

09,040,000 

flBfOOO^OOD 

100.8QOLOOD 

lOLaooloQO 

174,000,000 
149  600,000 
946»  200,000 
299,780,000 
285,700,000 
170,100^000 


3,186,001^000 
1,117,560,000 
1,102,920^000 


4,496,500^000 


•  Estimated  on  the  basis  of  1,152,000  tons  to  the  square  mile  for  each  foot  In  thlnlmfwi  of  ooaL 


Tonnage  ofavailabU  ooal  in  the  Pound  quadrangle — Continued. 


Bed. 


KXMTUCKT. 


Hyden 

Two  beds 

Dpper  Elkhom  a . . . . , 

Da« 

One  bed 

Do 

Between  the  Lee  and 
Lee. 


Lower  Elkhorn. 


Total  coal  in  Kentucky. 
Grand  totaL 


Thick- 
ness. 


Ft.  in. 
4     5 


4 

6 
4 
1 
4 

11 
7 


U 


10 


Area. 


8q.  mi, 
13.13 
39.20 
42.08 

6.77 
49.75 

8.18 
68.11 
68.11 


Tonnage. 


66,820,000 

180,630,000 

303,380,000 

81,200,000 

57,310,000 

14,650,000 

842,110,000 

540,240,000 


2,304,640,000 


6,741,190,000 


a  Computed  for  separate  areas  containing  diHerent  thicknesses  of  coaL 

In  the  above  table  the  results  are  given  to  the  nearest  10,000  tons. 

The  minimum  thickness  of  a  coal  bed  considered  in  a  commercial 
sense  as  ultimately  minable  is  14  inches,  and  the  maximum  depth 
for  that  thickness  is  taken  as  1,700  feet.  On  this  basis  the  com- 
paratively meager  data  for  the  Norton  and  Lee  formations  in  Virginia 
indicate  a  total  thickness  of  7  feet  2  inches  of  coal  in  the  Norton 
and  7  feet  4  inches  in  the  Lee.  That  is,  the  amount  of  coal  fulfilling 
the  conditions  of  depth  and  thickness  stated  above  equals  a  single 
bed  7  feet  2  inches  thick  in  the  Norton  and  another  7  feet  4  inches 
thick  in  the  I^ee,  the  areal  extent  of  these  beds  being  considered  as 
equal  to  the  area  underlain  by  the  Norton  formation.  Li  the  Ken- 
tucky area  the  coals  of  the  Lee  and  of  the  strata  between  the  Lower 
Elkhorn  coal  and  the  top  of  the  Lee  approximately  equivalent  to 
the  Norton  of  Virginia  have  not  been  tested. 

In  Bulletin  12  of  the  Kentucky  Geological  Survey  coals  that  aggre- 
gate about  10  feet  in  thickness  are  described  in  the  Lee  where  it 
outcrops  on  the  western  border  of  the  eastern  coal  field  in  Kentucky, 
and  on  the  basis  of  this  fact,  together  with  the  known  occurrence  of 
about  7  feet  of  workable  coal  in  the  Lee  of  Virginia,  it  is  assumed 
that  the  Lee  in  the  Kentucky  part  of  the  Pound  quadrangle  contains 
at  least  7^  feet  of  workable  coal.  Stone  ^  describes  four  coal  beds 
aggr^ating  11  feet  in  thickness  in  the  rocks  between  the  Lee  forma- 
tion and  the  Lower  Elkhorn  coal  in  the  Big  Sandy  drainage  area, 
10  miles  northeast  of  the  Pound  quadrangle.  The  occurrence  of 
these  beds  in  that  area  forms  the  basis  of  the  assumption  of  a  total 
thickness  of  11  feet  of  coal  in  these  rocks  in  the  part  of  the  Pound 
quadrangle  in  Kentucky. 

In  Virginia  the  average  thickness  of  the  High  Splint,  Pardee,  Low 
Splint,  Taggart,  Boiling,  Clintwood  (where  it  is  7  feet  3  inches  thick), 
and  Glamorgan  (where  it  is  2  feet  7  inches  thick)  is  based  on  an 


t  stone,  R.  W.,  Coal  resources  of  the  RnsseU  Foik  basin  in  Kentucky  and  Virginia:  U.  S.  Oeol.  Survey 
BuU  348, 190S. 
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adequate  number  of  detailed  measurements  and  can  be  accepted  as 
reliable.  The  thickness  of  the  other  beds  is  less  certain.  In  Een^ 
tucky  the  average  thickness  of  only  the  Upper  Elkhom  coal  is  ade- 
quately determined.  The  thickness  of  the  Lower  Elkhom  is  based 
on  a  number  of  good  measurements  obtained  northeast  of  Marshall 
Branchy  and  the  thickness  of  each  coal  above  the  Upper  ESkfaom  is 
based  on  only  a  small  number  of  accurate  measurements. 

In  both  Virginia  and  Kentucky,  beds  othdr  than  those  included  in 
this  estimate  were  seen  at  one  or  a  very  few  points,  but  of  these  so 
little  is  known  that  they  were  not  considered.  This  fact,  together 
with  the  fact  that  the  beds  included  in  the  estimate  are  as  likely  to 
average  somewhat  thicker  as  they  are  to  average  thinner,  supports 
the  belief  that  the  total  estimated  tonnage,  enormous  though  it  be, 
does  not  exceed  the  actual  amoimt  of  ultimately  minable  coal  in  the 
Poimd  quadrangle. 

CHEMICAIi  COMPOSITION  OF  THE  COAIiS. 

• 

The  chemical  composition  of  some  of  the  coals  of  the  rejgion  is  shown 
in  the  table  of  analyses  (pp.  218-219).  Only  a  small  number  of  samples 
were  taken  because,  as  deep  mines  are  few,  opportunities  for  obtaining 
fresh  unweathered  coal  are  rare.  Most  of  the  samples  from  local 
mines  are  probably  somewhat  affected  by  weathering.  Howeveri 
the  composition  of  such  samples  approximates  that  of  fresh  coal 
closely  enough  for  rough  comparisons. 

The  samples  were  collected  as  follows:  From  the  fresh  face  of  the 
bed,  or  as  nearly  fresh  as  could  be  obtaii^ed,  a  uniform  cut  was  made 
from  top  to  bottom  of  sufficient  size  to  yield  5  pounds  to  the  foot 
after  rejecting  all  partings  that  would  not  be  included  in  the  coal 
as  marketed.  This  coal  was  pulverized  and  quartered  in  the  mine 
until  there  was  left  sufficient  coal  of  a  size  that  would  pass  through  a 
half-inch  mesh  to  fill  a  2-quart  galvanized-iron  can.  This  was  sealed 
with  adhesive  tape  and  mailed  to  the  laboratory  of  the  Bureau  of 
Mines  for  analysis. 

The  coals  of  this  quadrangle  are  all  bituminous  and  in  composition 
resemble  the  coals  of  the  eastern  side  of  the  Appalachian  field  from 
Russell  County,  Va.,  to  Alabama,  except  those  of  Lookout  Mountain. 
Analyses  show  that  samples  from  Russell,  Dickenson,  Wise,  and 
Lee  counties,  Va.,  and  from  eastern  Kentucky  are  much  alike  in 
averi^  composition.  All  the  samples  from  the  Pound  quadrangle 
are  low  in  sulphur  and  moisture,  and  all  but  those  from  the  Pardee 
and  Bollmg  beds  are  notably  low  in  ash.  Samples  from  a  larger  num- 
ber of  localities  arc,  however,  needed  in  order  to  obtain  more  satisfac- 
tory data.  It  should  be  added  that  the  calorific  determinations  that 
are  based  on  samples  from  country  banks,  or  on  weathered  sampleSi 
do  not  show  the  full  heat  value  of  the  fuels. 
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The  coak  of  this  quadrangle  all  differ  from  the  coals  of  the  Poca- 
hontas region  in  respect  to  content  of  volatile  hydrocarbons  and 
fixed  carbon.  The  coals  of  that  region  which  generally  have  less 
than  20  per  cent  volatile  and  more  than  70  per  cent  fixed  carbon 
are  classed  with  the  semibituminous  coals,  like  those  of  the  Clearfield 
district  of  Pennsylvania.  On  the  other  hand,  the  coals  described 
in  this  report  contain  more  than  30  per  cent  of  volatile  matter.  The 
high  volatile  content  of  the  coals  of  the  Pound  quadrangle  invites 
consideration  of  by-product  processes  in  coking. 

With  the  exception  of  the  semibituminous  coal  of  Lookout  Moun- 
tain in  Georgia  and  Alabama,  the  coals  of  this  region  are  suitable 
for  any  of  the  uses  to  which  the  coals  south  of  the  Pocahontas  region 
are  put.  For  domestic  use,  including  the  grate,  for  the  generation 
of  steam  and  for  coke  and  gas  they  will  probably  compare  favorably 
with  most  of  the  coal  mined  for  such  uses  in  tbe  southern  Appalachian 
field. 

Their  coking  qualities  are  mostly  unknown.  The  Imbodenbed 
at  Stonega,  southwest  of  the  quadrangle,  is  regarded  as  one  of  the  best 
coking  coals  of  the  country.  This  bed  is  supposed  to  be  the  same  as 
the  Edwards  bed  in  the  Norton  formation.  The  Glamorgan  coal 
mined  at  Glamorgan  makes  good  coke  and  the  output  of  the  mine 
is  largely  utilized  in  this  way.  It  is  quite  probable  that  some  of  the 
other  Norton  coals  also  possess  good  coking  qualities. 
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MINING  CONDITIONS. 

The  coal  beds  of  the  region  are  nearly  flat  or  genUj  indined. 
Level  hanlways  are  possible  throughout  most  of  the  field,  pennittijqg 
the  use  of  electric  haulage.  It  seems  likely  that  all  the  beds  of  tihfr; 
Wise  formation  can  be  reached  by  drift  mines,  but  it  will  be  nece»* 
sary  to  sink  shafts  to  the  coals  of  the  Norton  and  Lee  formations. 
As  a  rule  the  beds  have  a  good  roof,  except  thd  Upper  Elkhom 
in  Kentucky,  which  has  a  weak  roof,  as  described  on  page  211. 
mines  that  have  been  opened  appear  to  be  free  from  gas  or  water  ia 
troublesome  quantities. 

The  coimtry  has  an  abimdant  supply  of  mine  timber,  and 

water  supply  for  making  steam  and  other  uses  will  probably  alwa; 

be  ample.    The  construction  of  railroads  will  be  the  most  ezpensi' 

factor  in  mining  enterprises.     That  subject  has  been  discussed 

pages  168-169. 

DEVELOPMENT. 

The  region  until  recently  was  entirely  undeveloped.  Within 
past  three  years,  however,  developments  on  a  lai^  scale  have 
begun  by  the  Consolidation  Coal  Co.  on  the  Upper  Elkhom  bed 
KentucI^  and  14  shipping  mines  are  in  operation,  yielding  a  li 
output.  In  the  Virginia  area  only  the  Glamorgan  mine  is  operatii 
though  here  and  there  a  local  mine  supplies  the  surrounding  nei| 
borhood.  Most  of  the  best  coal  land  is  in  the  possession  of  the  li 
coal  companies,  who  have  ascertained  the  coal  resources  by  thorou(^ 
prospecting,  and  developments  on  a  large  scale  may  be  expected  in 
the  near  future. 

SUMMARY. 

It  was  ascertained  by  this  survey  that  the  maximimi  thickness  of: 
the  coal-bearing  rocks  of  the  area  is  4,800  feet.  This  thickness  k 
attained  in  Black  Mountain  and  is  probably  the  maximimi  thiekneai 
for  the  coal  measures  of  the  Appalachian  coal  field  outside  the  Ooosa 
and  Cahaba  coal  fields  of  Alabama. 

The  coal  resources  of  the  lower  2,000  feet  of  these  rocks  could  not 
be  thoroughly  investigated,  but  it  is  known  from  borings  and  scat- 
tered exposures  of  coal  beds  on  the  outcrops  of  these  rocks  that 
there  are  about  a  dozen  beds,  14  inches  to  4  feet  thick,  at  depths  of 
less  than  2,000  feet,  and  all  this  coal  is  considered  to  be  ultimately 
available.  In  the  upper  2,800  feet  of  rocks  are  16  coal  beds  that 
range  from  18  inches  to  10  feet  in  thickness,  all  but  one  of  which  are 
known  to  be  2^  feet  or  more  thick  over  large  areas.  The  areal  extent 
of  the  individual  beds  ranges  from  2  or  3  square  miles  to  more  than 
100  square  miles,  the  extent  depending  on  the  irregularity  in  the 
thickness  of  the  beds  and  their  position  in  the  hills.    The  coal  of 
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the  region  is  all  bituminoiis,  has  the  same  range  of  composition, 
and  is  suitable  for  the  same  uses  as  the  coal  of  the  Appalachian  field 
south  of  the  Pocahontas  region,  except  that  of  Lookout  Mountain  in 
Georgia  and  Alabama.  Tlie  part  of  the  quadrangle  that  lies  in 
Virginia  is  as  yet  without  adequate  railroad  facilities,  but  the  area 
in  Kentucky  has  recently  been  provided  with  railroads  and  14  large 
mines  have  been  put  into  operation. 

The  rocks  lie  generally  nearly  flat  and  all  coal  beds  that  outcrop 
can  be  exploited  by  drift  mines.  The  beds  generally  have  a  strong 
roof  and  stable  floor.  There  is  no  reason  to  expect  trouble  from  gas 
or  water.  Timber  and  water  for  mining  uses  are  abundant.  Mining 
conditions,  therefore,  seem  highly  favorable  and  the  region  should 
with  development  become  one  of  the  principal  coal-producing  centers 
of  the  central  Appalachian  coal  field. 


PHE  COAL  RESOURCES  OF  A  PART  OF  NORTHEASTERN 
MISSOURI.' 


By  F.  C.  Gbebne. 


INTRODUCTION. 

The  district  here  coBsidere^  is  situated  near  the  eastern  border 
)f  the  western  interior  coal  field  which  lies  in  the  Mississippi  Valley- 
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|3ee  fig.  7.)  The  four  counties  in  the  northeastern  part  of  Missouri 
n  which  the  district  is  situated  contain  an  estimated  total  original 
onnage  of  nearly  10,000,000,000  short  tons  of  bitununous  coal  in 
>eds  2  to  6  feet  tUck  and  mostly  less  than  350  feet  below  the  surface, 
iix  lines  of  railroad  cross  or  touch  the  area  and  furnish  good  shipping 
aeilities. 

1  Thsflald  vork  Kit  tliii  npoit  vai  Ioa«  fn  ooopaiatloa  «lib  tbsUiBOiirl  Bnnaa  of  OsokigraiMl  IUdn, 
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The  coal  is  of  the  bituminous  grade,  but  can  not  be  considered  a 
coking  coal.  Most  of  the  beds  are  of  uniform  thickness  and  character 
over  large  areas.  Some  of  the  beds  outcrop  at  the  surface  and  most 
of  the  remainder  can  be  reached  by  shafts  not  over  200  or  300  feet 
deep. 

This  district,  which  borders  the  Iowa  State  line,  includes  the 
Novinger  coal  field,  in  which  the  Bevier  is  the  chief  producing  coal 
bed,  and  the  Mendota  coal  field,  in  which  the  production  comes  from 
other  beds.  Geographically  the  two  fields  are  not  sharply  divided, 
and  in  fact  to  some  extent  overlap.  For  this  reason  and  because 
the  district  is  separated  from  the  other  Missouri  coal  fields  by  areas 
in  which  little  or  no  mining  is  being  done,  it  will  here  be  described  as 
a  unit  rather  than  as  two  separate  fields. 

A  reconnaissance  survey  of  the  region  was  made  in  1910  and 
1911  by  Henry  Hinds  and  the  writer,  and  in  1912  the  outcrops  of  tlie 
coal  beds  were  mapped  by  the  writer,  assisted  by  Maurice  Albertson. 
This  paper  is  based  on  this  field  work. 

The  stratigraphy  of  the  general  r^ion  is  given  in  the  reports  of  the 
Missouri  and  Iowa  geological  surveys  ^  and  in  more  detail  in  a  later 
report  by  Hinds.'  The  geologic  section  of  Putnam  County  ^ven 
by  Hinds  is  substantially  the  same  as  that  used  in  this  paper.  Several 
correlations  suggested  by  Hinds  can  now  be  made  with  certainty. 

GEOGRAPHY  AND  TOPOGRAPHY. 

Northeastern  Missouri  is  a  dissected  plain.  It  is  traversed  in  a 
north-south  direction  by  the  Grand  Divide,  east  of  which  the  drainage 
is  southeast  to  the  Mississippi  and  west  of  which  it  is  in  general  south 
to  Missouri  River.  The  upland  surface  ranges  in  altitude  from  900 
foot  along  the  eastern  margin  of  the  area  to  nearly  1,100  feet  near  the 
western  edge.  Chariton  River,  the  largest  stream  in  this  part  of  the 
State,  occupies  a  valley  1  to  3  miles  wide  and  about  200  feet  below  the 
upland  on  the  east.' 

The  Des  Moines  branch  of  the  Wabash  Railroad  follows  the  Grand 
Divide  across  the  area,  the  Iowa  &  St.  Louis  Railway  extends  through 
the  Chariton  Valley,  and  the  Keokuk,  Laclede  &  Carrollton  branch  of 
the  Chicago,  Burlington  &  Quincy  Railroad  traverses  the  western 
edge  of  the  area.  These  three  north-south  lines  are  intersected  by 
the  Quincy,  Omaha  &  Kansas  City  Railroad  and  the  Keokuk  & 
Western  Railroad. 


»  Soe  especially  Misaouri  Oeol.  Sun-ey  Kept,  for  1873-74,  pp.  222-302, 1874,  and  low*  Geol.  Sarvej,  toL  5, 
pp.  360-438, 1886,  and  vol.  19,  pp.  254-2M,  1909. 

s  Hinds,  Henry,  The  coal  deposits  of  Missouri:  Missouri  Bur.  Oeology  and  Mines,  vol.  11, 2d  mr.,  1012. 
Matter  published  in  that  report  is  ased  here  without  further  acknowledgment. 

s  The  topography  of  part  of  the  area  is  shown  on  the  Edina,  Queen  City,  and  Oreen  City  dieets  of  th* 
United  States  Geological  Survey* 
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GEOLOGY. 


FOBMATIONS   FBESENT. 


The  geologic  formations  at  or  near  the  surface  in  this  district  are 
presented  in  the  following  table: 

Geologic  formations  in  northeastam  Missouri, 


System. 

Series. 

Oroap. 

Formation. 

Thick- 
ness. 

Dosorlptldi. 

Beoent. 

FM, 

AUuvtum. 

Qnaleniary. 

PMstooene. 
— TTtuwi  fnrvn  It  v 

10-aoo 

Glacial  drift;  bowlder 
clay,  sand,  pebbles,  and 
bowlders. 

• 

FennsylvBiilaii. 

Missouri. 

Kansas    City 
formation. 

45+ 

Limestone  and  shale. 

Des  Moines. 

Pleasanton 
formation. 

100-150 

• 

Shale  and  sandstone  con- 
taining thin  coal  beds. 

Garbonlferoos. 

Henrietta  for- 
mation. 

30^50 

Limestone  and  shale. 

Cherokee 

200-410 

Shale  and  sandstone  with 
coal  and  some  limestone. 

-  u  iioaDionmt^~~ 
ICississippian. 

(•) 

Limestone  with  some 
shale  and  sandstone. 

a  Not  exposed. 


Only  the  upper  125  feet  of  the  Cherokee  shale  is  exposed,  the 
remainder  being  known  from  drill  records.  The  Mississippian  is 
nowhere  exposed  in  the  area  here  considered,  but  along  the  east 
border  in  places  it  possibly  lies  immediately  below  the  glacial  drift. 


QUATEBNABY   SYSTEM. 
PUUSTOCEVE  BEBIS8. 

The  entire  area  with  the  exception  of  parts  of  the  deeper  valleyB 
is  covered  by  an  irregular  thickness  of  glacial  clay,  sand,  bowlders, 
and  gravel,  which  in  places  is  overlain  by  1  or  2  feet  of  gray  loess. 
The  glacial  materials  were  spread  over  the  country  by  a  sheet  of  ice 
during  Pleistocene  time.  These  materials  filled  up  the  old  valleys 
and  covered  the  old  hills,  leaving  the  surface  a  nearly  level  plain. 
The  present  cycle  of  erosion  has  destroyed  much  of  the  plain,  though 
remnants  of  it  have  been  left  along  the  Grand  Divide  and  in  the  other 
high  parts  of  the  area. 


SeS'— Bull.  541—14- 


-16 
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At  most  places  the  upper  30  or  40  feet  of  the  drift  consists  of  yellow 
day  and  the  lower  part  of  an  irregular  thickness  of  blue  day,  witli 
sand  or  gravel  at  the  base.  A  line  drawn  from  a  point  near  Kirks- 
yille  northwest  to  Lemons  approximately  separates  the  area  coyered 
by  thick  drift  from  that  in  which  the  drift  is  thin.  Southwest  of 
that  line  sandstone  and  limestone  outcrop  nearly  to  the  ridge  tope^ 
although  a  few  channels  filled  with  thick  drift  are  probably  present 
Northeast  of  that  line  the  drift  under  the  uplands  is  150  to  300  feet 
thick,  owing  apparently  to  the  existence  of  a  pr^lacial  lowland.  In 
certain  parts  of  the  area  the  pregladal  channels  are  especially  num6^ 
ous  and  seriously  interfere  with  the  mining  of  the  higher  coal  beds; 
in  places  the  coal  gives  way  to  drift.  The  thickness  of  the  drift  on  or 
near  the  upland  b  shown  in  the  following  drill  records : 

Deplh  of  drift  in  a  part  of  northeoMtem  liisgouri  as  Aoum  by  dritt  reeordt. 

Four  and  one-half  miles  nortliwest  of  Connelsville  (sec.  19,  T.  64  Fwt 

N.,  R.  16W.) , .•  110 

Green  Top ^ 300 

One-fourth  mile  southwest  of  Green  Top  (sec.  27,  T.  64  N.,  R.  16  W.)  201 

Three  miles  west  of  Harris  (sec.  30,  T.  64  N.,  R.  22  W.) 215 

Howland 164 

Kirksville 170 

Six  miles  north  of  Kirksville  (sec.  9,  T.  63  N.,  R.  15  W.) 175 

One-half  mile  west  of  Kirksville  (sec.  8,  T.  62  N.,  R.  15  W.) 140 

One  and  one-half  miles  northwest  of  Kirksville  (sec.  5,  T.  62  N., 

R.  15W.) 190 

Lancaster 240 

Six  and  one-half  miles  northeast  of  Lancaster  (sec.  14,  T.  67  N., 

R.  14W.) 199 

Lucerne 185 

Memphis  and  vicinity 67-234 

Omaha 115 

Queen  City 295 

Two  and  one-half  miles  west  of  Queen  City  (sec.  19,  T.  65  N., 

R.  15W.) 165± 

TJnionville 220 

One  mile  south  of  Unionville  (sec.  3,  T.  65  N.,  R.  19  W.) 116 

Two  and  one-half  miles  northwest  of  Worthington  (sec.  19,  T.  65  N., 

R.  16W.) 95-h 

In  valleys  the  drift  is  commonly  thinner  than  shown  in  the  records 
given. 

The  great  thickness  of  drift  not  only  impairs  the  accuracy  with 
which  the  outcrop  of  any  particular  coal  bed  may  be  traced,  but  in 
the  eastern  part  of  the  area  it  completely  obscures  the  boundary  of 
the  Fennsylvanian  series. 
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CABBOXIFEBOnS  SYSTEM. 


Thickness  and  character. — ^Except  for  the  surficial  Pleistocene 
material  all  the  rocks  that  outcrop  belong  ta  the  Pennsylvanian 
series.  An  aggregate  of  about  350  feet  of  Pennsylvanian  rocks  is 
exposed  and,  as  shown  by  drilling  in  the  northern  part  of  the  area, 
these  rocks  are  underlain  by  a  maximum  of  about  275  feet  more  of 
the  same  series,  which  rests  imconf ormably  upon  strata  of  Mississip- 
pian  age.  The  following  table  shows  the  depths  at  which  the  Missis- 
sippian  has  been  reached,  or,  in  other  words,  the  thickness  of  the  over- 
lying Pennsylvanian  and  the  glacial  drift: 

Depth  to  Missisnppian  rocks  in  northeastern  Missouri  as  shown  by  drill  records. 

FmI. 

Connelsville,  on  hillgide 258 

5  miles  northwest  of  Hurdlandi  on  upland 130 

Kirksville,  on  upland 244-460(?) 

Memphis,  various  situations 150-287 

Mendota,  in  valley 296-332 

Moulton,  Iowa,  on  upland 483 

Sedan,  Iowa,  on  alluvial  plain  of  Chariton  River 377 

XJnionville,  on  upland 545 

Most  of  the  variation  in  these  depths  is  due  to  the  differences  in  the 
altitude  of  the  surface,  but  some  of  it  is  due  to  the  variation  in  the 
thickness  of  the  Pennsylvanian  itself,  the  contact  of  which  with  the 
Mississippian  is  rather  irregular  because  of  an  imconformity. 

The  Pennsylvanian  series  is  divided  into  the  Kansas  City  formation, 
Pleasanton  formation,  Henrietta  formation,  and  Cherokee  shale. 
The  coal  beds,  however,  are  confined  chiefly  to  the  Cherokee  shale. 
The  following  is  a  generalized  section  of  the  Pennsylvanian  series  of 
the  region: 

Generalized  section  of  Pennsylvanian  series  in  northeastern  Missouri. 

Kansas  City  formation: 

Bethany  Falls  limestone  member:  Ft.  In. 

Limestone,  in  nodules 3 

Limestone,  gray;  heavy  bedded  above,  thin  bedded  be; 
low;  has  a  few  shale  partings 12      4 

Ladore  shale  member: 

Shale,  blue 1    10 

Shale ,  black,  * '  slaty  " 1      6 

Limestone,  gray 4 

Shale,  drab 5 

Sandstone,  yellow;  even  and  thick  bedded 4      9 

Shale,  light  drab;  sandy 10     4 

Hertha  limestone  member: 

Limestone,  gray;  in  two  beds  at  Milan,  but  to  the  east 
contains  several  shale  partings 5 
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Pleasanton  formation: 

Shale,  variable;  lower  part  is  commonly  black  and  "daty  "    Ft.  In. 

and  bears  large  spherical  concretions 15 

Goal  (Ovid),  very  irregular,  ranges  from  a  film  to  2  feet  in 

thickness 3 

Clay  and  shale 5 

Sandstone,  blue  when  fresh,  yellow  or  brown  when  weatli- 
ered;  in  places  calcareous;  cross-bedded  at  top  and 
locally  contains  1  to  20  feet  of  conglomerate  and  coane 
sandstone  at  base;  unconformable  on  underlying  beds; 
thickness  of  sandstono  irr^^ular,  15  to  88  feet,  aversging 

about 50 

Shale,  drab;  tMckneaa,  5  to  55  feet  where  present;  replaced 
by  the  preceding  sandstone  in  some  areas;  average  prob- 
ably     20 

Limestone,  dark  and  shaly  to  blue  and  siliceous;*  interbed- 

ded  with  foesiliferous  shale 2 

Shale,  generally  red  at  base;  blue,  drab,  and  red  above;  ar- 
gillaceous, or  in  places  sandy,  and  locally  containing  one 
or  two  thin  coal  beds  accompanied  by  black  "slaty" 

shale;  average 20 

Henrietta  formation: 

Limestone  (Pawnee  limestone  member),  gray,  massive  to 
nodular;  apparently  lacking  in  places  but  generally  pres- 
ent and  average  thickness  about 3 

Shale,  red  and  green  near  top;  about  10  feet  thick  and  cal- 
careous in  southern  part  of  area;  contains  a  layer  of  sand- 
stone in  upper  part  and  is  22  feet  thick  in  northern  part; 

average 15 

Limestone,   in  several   thin   layers  with  shale   partings; 

locally  called  the  **water  rock " 2 

Shale,  variable,  drab  to  dark;  argillaceous,  calcareous,  or 

bituminous 10 

Limestone,  gray ;  even  bedded  (*  *  10-inch  cap  rock  " ) 1 

Shale,  gray,  blue,  or  green 2 

Limestone,  blue;  argillaceous;  weathers  to  a  buff  earthy 

material;  the  "cap  rock" 2 

Cherokee  shale: 

Shale,  black,  "slaty" 1      2 

Coal  (Lexington)  with  two  or  three  clay  partings;  absent 

in  many  places 3      3 

Clay,  2  to  7  feet,  average '. 3 

Limestone,  blue  to  drab;  upper  surface  uneven;  in  places 

conglomeratic;  2  to  6  feet,  average 3 

Shale  and  sandstone,  whitish  at  top 23 

Limestone,  dark,  impure;  2  to  12  inches 3 

Shale,  dark  and  soft  at  top,  black  and  "slaty  "  below  ("slate 

vein") 6      6 

Shale,  dark;  calcareous,  with  abundant  shells 6 

Coal  (Summit) 1 

Clay,  shaly  at  base;  5  to  10  feet,  average 7 

Limestone,  blue,  weathers  buff;  nodular  on  top 2 

Shale,  clayey 3 
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Cherokee  ahale — Continued. 

Limestone,  blue,  even  bedded,  weathers  to  buff-colored    Ft.   in. 

blocks;  absent  in  much  of  area 1 

Shale,  light  at  top,  black  and  ^'alaty''  below;  generally 

absent  but  in  places  6  feet  thick;  average 6 

Coal  (Mulky),  in  one  place  21  inches  thick;  generally 

sfbsent 1 

Shale,  sandstone,  and  clay,  36  to  55  feet;  clay  at  top,  dark 

shale  or  sandstone  at  base;  average 47 

Coal  (Bevier);  replaced  by  sandstone  at  a  few  places 
near  Kirksville;  north  and  west  of  Connelsville  and 
Novinger  the  thickness  is  irregular,  as  the  lower  clay 
parting  thickens  to  20  feet  and  locally  contains  sand- 
stone; total  coal  content  of  bed  commonly  about 3 

Clay,  locally  containing  calcareous  nodules  at  base;  1  to  7 

feet;  average 3      6 

Limestone,  generally  in  two  beds  separated  by  shale 4 

Shale,  clayey  and  sandy  (lowest  stratum  that  outcrops); 
contains  locally  a  12-inch  coal  bed  near  middle;  40  to  60 

feet;  average 50 

Coal  (Lower  Ardmore) .' 2 

Shale,  sandstone,  and  several  irregular  coal  beds;  lower  por- 
tion absent  in  southern  part  of  area 160 

Coal  (Cainesville?)  Upper  and  lower  benches  thin 
where  parting  thickens;  absent  in  southern  part  of 

area;  average 6 

Shale,  sandstone,  and  clay ;  absent  in  southern  part  of  area. .    40 

Limestone  (Mississippian).  

560      2 

Kansas  (My  forrnatian, — The  Kansas  City  is  the  highest  indurated 
formation  exposed  and  contains  the  thickest  limestone  beds  in  the 
area.  In  this  locality  the  formation  is  only  45  feet  thick,  as  all  but 
the  three  lower  members  have  been  removed  by  preglacial  erosion. 
It  outcrops  in  a  few  small  areas,  the  largest  being  in  the  vicinity  of 
Milan,  where  there  are  good  exposures  of  both  the  Hertha  and 
Bethany  Falls  limestone  members;  the  Bethany  Falls  is  quarried  for 
rough  stone. 

Pleasanicn  formation. — ^Beneath  the  Kansas  City  lies  100  to  150 
feet  of  shale  and  sandstone  belonging  to  the  Pleasanton  formation. 
The  sandstone  is  most  conspicuously  developed  southwest  of  a  line 
extending  from  Millard  to  PennvUle.  It  is  massive  and  forms  over- 
hanging cliffs  and  caves  along  Spring  Creek  in  Sullivan  County  and 
in  the  southern  part  of  Adair  County.  In  northern  Putnam  County 
the  Pleasanton  is  represented  by  a  few  feet  of  variegated  shale  lying 
between  the  top  of  the  Henrietta  formation  and  the  glacial  drift.  In 
the  vicinity  of  Mapleton  and  Worthington  the  conglomerate  which 
generally  occurs  near  the  middle  of  the  formation  rests  on  beds 
belonging  to  the  Cherokee  shale,  indicating  the  erosion  of  100  feet 
of  strata. 
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HeimetUi  forrnaiion, — ^Below  the  Pleasanton  lies  the  limestone  and 
shale  of  the  Henrietta,  30  to  60  feet  thick.'  This  formation  outcrops 
throughout  the  area,  wherever  erosion  has  reached  its  horizon,  except 
along  the  Chariton  River  drainage  between  Novinger  and  a  point 
about  3  miles  south  of  the  lo war-Missouri  State  line.  In  this  area  and 
directly  east  of  it  the  Henrietta  formation  and  probably  much  of  the 
Cherokee  shale  have  been  removed  by  preglacial  erosion.  "Hie  Hen- 
rietta, though  not  coal  bearing,  is  important  as  a  guide  to  the  depth 
of  the  coal  beds  of  the  underlying  Cherokee. 

•  Cherokee  shale. — ^The  Cherokee,  which  is  the  chief  coal-bearing 
formation  of  the  area  and  of  the  State,  lies  low  with  respect  to  drain- 
age and,  therefore,  only  a  comparatively  small  portion  of  it  is  exposed. 
The  upper  part  outcrops  in  several  localities  and  contains  some  of  the 
most  persistent  strata  in  Missouri  which,  like  those  of  the  Henrietta 
formation,  furnish  important  clues  to  the  depth  of  the  underlying 
coal  beds.  The  lower  beds  are  apparently  more  irr^ular.  The 
formation  was  deposited  in  an  epoch  of  transgressing  seiis,  so  that 
beds  reported  in  deep  drillings  in  northern  Putnam  County  and  in 
Appanoose  County,  Iowa,  disappear  to  the  south.  This  is  shown 
in  the  following  drill  records : 

Log  of  core  drill  from  boring  ai  Sedan,  lovfo,^ 


Qustemary: 

Sou  and  drift 

Cherokee  shale: 

Coal  (upper   bench   of 

Bevfier) 

Fireclay 

"Soapstone"  shale 

Coal   (lower   bench    of 

Bevier) 

Fireclay 

Shale,  darky   with  lime- 
stones  

"Slate,"  black 

Shale,  clayey  y  white 

(3oaI  ( Lower  Ardmare) . . 

Shale,  black 

"Soapstone"  shale 

Co^ 

Sandstone 

Shale,  blue 

Coal 

Shale,  gray 

Shale,  sandy 

Shale,  black 

Coal 

Shale,  clayey,  blue 


Thickness. 


Ft.   in. 

74 


2     5 
2 
21 


Depth. 


Ft.   in. 

74 


76  5 

78  6 

99  5 

99  10 

102  10 


16 

118 

10 

10 

128 

10 

29 

167 

10 

1 

10 

159 

8 

3 

162 

8 

30 

192 

8 

1 

10 

194 

6 

7 

201 

6 

6 

206 

6 

9 

207 

3 

9 

216 

3 

16 

232 

3 

4 

236 

3 

7 

236 

10 

2 

238 

10 

Thickness. 


(Cherokee  shale— Continued. 

Coal 

Shale,  blue 

"Conglomerate" 

Cioal 

"Soapstone"  shale. 

Shale,  gray 

Shale,  blue '. 

Coal 

Shale,  eray 

Shale,  blue 

Sandstone 

Shale,  blue 

(Cafaesvmel^,?**-^^:;— 

Shale,  blue 

Coal 

Fireclay 

Shale,  gray \ 

Shale,  blue 

"Soapstone"  shale, 

white 

Limestone     (probably 
Mississippian) 


FL 

in. 

J^  <■. 

2 

3 

341  1 

6 

346  1 

1 

317  1 

3 

10 

319  11 

7 

356  11 

4 

300  U 

3 

363  11 

1 

3 

364  a 

6 

360  a 

30 

289  a 

14 

ao8  a 

18 

S21  a 

3 

10 

334 

8 

324  8 

3 

1 

326  9 

9 

335  9 

3 

4 

338  1 

7 

345  1 

13 

358  1 

2 

360  1 

17 


D^pCh. 


377     1 
383     1 


oJowa  OeoL  Survey,  voL  19,  pp.  266-267, 1909. 
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Log  of  core  drill  near  Star  shaft,  KirksvUle,  Mo, 
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2 

72 

30 
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5 
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6 
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2 
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1 
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Cherokee  shale— Contd. 
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Shale,  light 

Linfestone 

Shale,  blue 

Limestone. 

Shale,  sandy 

Shale,  liffht 

Coal  (Eower  Ardmore) . . 

Clay 

Shale,  calcareous. 

Sandstone 

Shale,  calcareous 

Limestone 

Shale,  calcareous 

Limestone  (probably 
Mississippian) 
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Ft. 

M. 

J^.  IHL 

3 

4 
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170  6 

9 
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3 
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10 
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3 
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8 
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10 
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2 
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MISSISSIFPLA.N   SERIES. 

Pennsylvanian  series  throughout  northeastern  Missouri  rests 
3  of  Mississippian  age  that  contain  no  coal  in  this  State.  These 
iitcrop  nowhere  in  the  area  described  in  this  report  but  have 
)und  in  a  number  of  drillijxgs.  The  Mississippian  rocks  consist 
of  Hmestone,  though  at  a  nxunber  of  places  in  Putnam  and 
counties  the  uppermost  beds  are  thin,  alternating  layers  of 
^ne,  shale,  and  sandstone  that  are  distinguished  with  dijficulty 
le  Cherokee  shale.  Drilling  for  coal  should  therefore  be  carried 
ntly  deep  to  insure  reaching  the  thick  and  easily  recognized 
>ne  that  forms  the  lower  and  major  portion  of  the  Mississippian. 

STBUCTTJBB. 

strata  in  the  area  lie  nearly  horizontal  but  dip  gently  to  the 
'^est.  The.  general  dip  is  interrupted  by  a  series  of  low  folds 
axes  trend  northwest  and  southeast.  The  most  pronounced 
the  arch  that  causes  the  Bevier  coal  to  outcrop  near  Connels- 


THE   COAIj  beds. 
DISTBIBT7TION  AND  STBATIGBAFHIO  BELATIONS. 

principal  coal  beds  of  the  area  are  the  Ovid,  Lexington,  Mulky, 
,  Lower  Ardmore,  and  Gainesville  ( ?).     Of  these,  all  except  the 

and  Gainesville  ( ?)  are  utilized,  though  only  two  beds,  the 
ton  and  Bevier,  are  mined  for  shipment.  Goal  imderlies  most 
•^on  shown  in  Plate  XII  (p.  234),  but  there  are  probably  many 
)arren  areas  near  the  eastern  margin  of  the  district. 

coal  led, — The  Ovid,  the  highest  coal  bed  in  the  area,  is  now 
only  for  local  use.     It  is  probable  that  for  a  long  time  it  will 
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not  be  used  in  any  other  way,  owing  to  its  small  areal  extent  and 
thinness  and  to  the  absence  of  "mining  clay''  in  many  places.  It 
has  been  found  thick  enough  to  mine  2  or  3  miles  north  of  Milan  (sees. 
32  and  27,  T.  63  N.,  R.  20  W.),  where  it  is  14  to  30  inches  thick  but 
contains  clay  partings  (PI.  XII,  sections  1  and  2) .  It  is  mined  by  drifts 
about  6  miles  north  of  (Sreen  City  (sec.  18,  T.  64  N.,  R.  11  W.) 
where  it  ranges  from  20  to  30  inches  (PL  XU,  sections  3  and  4).  It  is 
overlain  by  black  laminated  ("slaty")  shale  and  rests  directly  on 
firm  sandstone.  It  was  formerly  mined  about  2  miles  southeast  of 
Youngstown  and  will  probably  be  found  in  otheir  small  areas  in 
southwestern  Adair  County.  No  samples  of  the  Ovid  coal  were 
collected  in*  this  area  for  analysis. 

Lexington  coal  bed, — Though  important  as  a  source  of  fuel  for  local 
consumption,  the  Lexington  coal  of  the  Mendota  district  furnished 
in  1911  but  1  per  cent  of  the  State's  production.  The  bed  is  remark- 
ably imiform  over  its  entire  area  (PI.  XII,  sections  5  to  11)  but  con- 
tains many  ''slips"  (true  faults  of  small  throw)  and  ''faults."  The 
"faults"  are  places  in  which  the  coal  is  lacking,  either  because  it  was 
never  deposited  there  or  because  of  removal  by  preglacial  erosion 
due  to  the  relatively  high  position  of  the  bed  with  i^egard  to  drainage. 
The  presence  of  these  abrupt  channels  detracts  greatly  from  tiie 
commercial  value  of  the  bed.  The  Lexington  bed  outcrops  in  many 
places  on  Spring,  Shuteye,  Blackbird,  and  Shoal  creeks.  The  fol- 
lowing shows  the  average  section  in  eastern  Putnam  County,  near 
the  center  of  the  field : 

Average  section  of  Lexington  coal  bed  in  eastern  Putnam  County. 

Ft.    in. 

Limestone  (cap  rock) 3 

Clay  (clod) 1      2 

Shale,  black,  laminated  (slate) 11 

Coal  (upper  bench) 1      9 

Clay  (mud  band) ? 

Coal  (lower  bench) 1 

Clay 1 

Coal  (Dutchman) 3 

Clay 4      6 

Limestone  (bottom  rock) 4 

West  of  Unionville  and  north  of  Milan  the  *  ^Dutchman"  bench 
disappears.  The  coal  has  been  mined  near  Powerville  and  also  in 
the  SW.  i  SW.  i  sec.  27,  T.  64  N.,  R.  19  W.  It  is  reported  in 
drillings  near  Princeton  but  is  irregular  in  thickness  at  this  place. 
South  of  T.  63  N.  the  Lexington  coal  is  generally  absent,  though  the 
limestones  associated  with  it  are  persistent.  On  Missouri  River  the 
coal  bed  is  present  and  is  being  mined.  Chariton  River  marks  the 
general  eastern  boundary  of  the  Lexington  bed,  but  in  the  north- 
western comer  of  Schuyler  County  it  outcrops  in  T.  67  N.  and  is 
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said  to  have  been  traced  to  Guinn  station  by  drillings.  To  the  north, 
in  Appanoose  County,  Iowa,  the  Lexington,  or  Centerville  (Mystic) 
ooal  as  this  bed  is  there  known,  is  mined  extensively. 

MuOcy  coal  bed, — ^The  Mulky  coal  bed  has  been  found  of  workable 
thickness  at  only  one  place  in  the  area  (PI.  XII,  section  12),  but  it 
may  occur  at  others.  The  following  section  was  measured  on  the 
south  side  of  Shoal  Creek  near  old  Glendale  post  office  (NW.  {  NW.  { 
sec.  35,  T.  66  N.,  R.  17  W.): 

Section  of  Mulky  coal  bed  near  old  OlendaU  post  office. 

Ft.  in. 

Limestone,  gray,  weathers  deep  buff 1  5 

8hale,  banded  gray,  blue,  and  black 6 

Coal;  contains  white  partings  that  weather  red 1  9 

Shale,  gray,  streaked  with  black,  soft 1  8 

At  other  places  in  the  Chariton  Valley  the  Mulky  coal  occurs  as  a 
thin  bed  below  its  limestone  cap  rock  and  roof  shale,  or  as  a  black 
streak  a  few  feet  below  the  horizon  of  the  Summit  coal  bed. 

Bevier  coal  bed, — ^The  coal  so  extensively  mined  in  t|ie  Novinger 
district  and  sold  under  the  name  '* Novinger"  is  correlated  with  that 
in  the  Bevier  field,  and  in  the  interests  of  uniformity  the  name 
Bevier,  which  has  priority,  is  here  used.  The  Bevier  bed  is  90  to 
100  feet  below  the  Lexington.  In  1911  the  mines  operating  on  the 
Bevier  bed  in  this  locality  yielded  approximately  10  per  cent  of  the 
State's  production.  At  Novinger  and  Connelsville  the  bed  is  of  uni- 
form thickness  (PI.  XTT,  sections  13  and  14),  but  at  Earksville  and 
Youngstown  (PL  XTT,  sections  15  and  16),  sandstone  replaces  the 
upper  bench  or  the  whole  bed.  The  following  is  the  average  section 
in  the  vicinity  of  Novinger: 

Average  section  of  Bevier  coal  bed  near  Novinger. 

Ft.    IXL 

Coal 2  1 

Clay J 

Coal 4 

Clay 1 

Coal 1 

3    6i 

At  Danforth,  Stahl  (PI.  XII,  section  17),  Duey,  and  Milan  (PI.  XII, 
section  22)  the  lower  clay  parting  is  irregular.  It  is  9  feet  thick  at 
Stahl,  14  feet  thick  at  Duey,  and  ranges  from  a  thin  film  to  27 
inches  at  Milan.  North  of  Connelsville  and  Hazel  Creek  in  Putnam 
(PL  Xn,  sections  18  and  20),  and  Schuyler  (PI.  XII,  section  21) 
coimties,  the  lower  clay  parting  is  as  much  as  20  feet  thick  and  con- 
tains sandstone.  The  Bevier  coal  outcrops  on  Chariton  River  near 
Connelsville,  at  Slate  Ford  near  Worthington,  and  on  the  lower 
courses  of  Shuteye,  Wildcat,  and  Shoal  creeks.    Drillings  at  Prince- 
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ton  and  Trenton,  Mo.,  show  the  two  benches  of  the  coal  to  be  ii 
lar  and  to  include  more  or  less  clay  and  shale  between  them, 
uigs  near  Pure  Air  and  Yarrow,  in  southwestern  Adair  County, 
nearly  or  quite  the  normal  thickness  of  the  coal  and  the  clay 
and  it  is  probable  that  future  development  will  be  toward 
locality.    Drillings  along  the  Wabash  Railroad  indicate  the  a1 
of  the  Bovier  bed  under  the  Grand  Divide,  north  of  Kirksville. 
ever,  a  boring  for  water  in  the  SW.  {  SE.  {  sec.  19,  T.  65  N.,  R.1 
W.,  is  reported  to  have  encountered  56  inches  of  coal  (probal 
part  shale)  at  a  depth  of  245  feet,  an  altitude  which  coi 
closely  with  that  of  the  Bovier  coal  at  the  old  Rawson  shaft 
2  miles  distant  (SW.  i  SE.  i  sec.  12,  T.  65  N.,.R.  16  W.). 
reported  coal  may  therefore  be  the  Bevier,  but  this  is  the  ea 
most  locality  at  which  there  is  any  evidence  of  it  in  the  northern 
of  the  area.    At  all  outcrops  and  as  reported  in  all  reliable 
records  in  northern  Putnam  and  Schuyler  counties  and  in  Ap] 
County,  Iowa,  the  Bovier  bed  is  split  by  a  clay,  shale,  or  sani 
parting,  but  both  benches  are,  as  a  rule,  over  14  inches  thick. 

The  material  overlying  the  Bovier  bed  is  variable.    At  Novii 
Connolsville,  and  near  Hazel  Creek  it  is  a  light  or  dark  shale 
does  not,  however,  approach  a  * 'slaty"  shale  like  that  over  the 
ington  bed.     Near  Kirksville  and  east  of  Youngstown  the  roof 
massive  sandstone  whose  base  is  charact-erized  by  "rolls,"  wl 
places  cut  down  into  the  coal,  thus  rendering  miniTig  difficidt. 
coal  is  underlain  by  clay  and  that  in  turn  by  limestone. 

Lower  Ardmore  coal  hed. — ^About  50  feet  below  the  Bevier  lies 
Lower  Ardmoro  coal,  a  bod  that  does  not  outcrop  in  the  area  bu 
well  known  in  drillings.     At  present  it  is  mined  only  by  the 
Coal  Co.,  near  Kirksville  (PL  XII,  section  23).     It  is  reported 
drillings  to  range  from  14  to  36  inches  in  thickness,  but  is 
close  to  the  average  of  24  inches. 

The  western  boundary  of  the  Lower  Ardmore  bed  is  not  kno«% 
but  the  bed  has  been  found  at  Princeton  and  is  probably  the 
mined  at  Trenton.  It  extends  south  to  Linn  and  Macon  cotintMi^ 
but  little  is  known  of  it  between  those  counties  and  the  Novingir.  ] 
district.  Drillings  at  Green  Top,  Queen  City,  and  Lancaster  indioait 
that  it  is  replaced  by  glacial  drift  under  the  Grand  Divide.  To  tts 
north,  in  Appanoose  County,  Iowa,  it  appears  to  be  persistent  1l8l 
is  slightly  thinner. 

Lower  heds. — In  Davis  County,  Iowa,  6^  miles  northeast  of  Taf 
caster  (SE.  i  sec.  14,  T.  67  N.,  R.  14  W.),  a  38-inch  coal  bed  witknn 
4  to  6  inch  clay  parting  was  mined,  and  the  same  bed  is  reported  |0 
have  been  found  one-half  mile  south  of  the  Missouri  line.    The  tfailic. 
coal  bed  at  Sedan,  Iowa,  is  shown  in  the  drill  log  given  on  page  SSfi^  ■  J 
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JLt  is  possible  that  deep  drilling  may  show  the  presence  of  this  or 
other  thick  coal  beds  in  northeastern  Putnam  and  in  northern  Schuy- 
ler coimties.  At  Mendota  no  thick  coal  was  foimd  at  the  Gainesville 
liorizon,  but  between  Mendota  and  Princeton  a  wide  stretch  of  terri- 
tory has  not  been  explored.  The  existence  of  thick  coal  below  the 
Xiower  Ardmore  coal  bed  near  Connelsville,  Kirksville,  and  Novinger 
or  for  some  distance  to  the  south  is  thought  to  be  improbable. 

QUAUTY  OP  THE  COAIi. 

PHYSICAL  OHA&AOTBK. 

The  coal  of  this  district,  like  that  of  the  surroimding  region,  is 
bituminous.  It  is  capable  of  forming  a  low-grade  coke,  but  can  not 
be  properly  considered  a  coking  coal.  The  average  quality  of  the 
coal  of  the  district  is  slightly  lower  than  that  of  the  coal  of  south- 
western Missouri,  but  compares  very  favorably  with  that  of  the  near- 
by districts  in  Iowa  and  IHinois. 

In  physical  properties  the  coal  of  the  different  beds  is  similar,  vary- 
ing but  slightly.  White  scale  (gypsum  and  calcite)  is  usually  present 
but  is  probably  more  abundant  in  the  Lexington  than  in  the  lower  beds. 
The  ''sulphur''  (iron  sulphide)  concretions  are  easily  detected  and 
may  be  thrown  out  by  the  miner.  The  luster  of  the  Lexington  coal 
IS  commonly  brighter  than  that  of  the  lower  beds,  and  the  coal  is 
also  distinguished  by  the  fact  that  the  larger  l\unps  come  from  the 
mine  in  a  roughly  cubical  shape  that  has  given  rise  to  the  name 
''block  coal,''  which  is  often  used  in  Iowa.  It  is  this  property  that 
gives  it  good  shipping  quality  and  caus'es  it  to  be  favored  as  a 
domestic  fuel.  One  of  the  beds,  the  Bevier,  is  somewhat  dirty  at 
the  top  and  bottom,  but  is  hard  and  is  an  excellent  steam  coal. 

CEEMIOAL  ANALYSES. 

Analyses  of  samples  of  the  three  principal  coal  beds  of  the  district 
are  given  herewith.  The  Lexington  and  Bevier  beds  are  represented 
by  four  and  six  analyses,  respectively,  but  the  Lower  Ardmore  bed 
by  only  one.    Conclusions  must  bo  made  with  this  fact  in  mind. 
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All  the  samples  were  selected  from  freshly  cleaned  faces  of  coal  in 
active  workings  of  the  mines  in  accordance  with  the  r^ulations  pre- 
scribed by  the  Bureau  of  Mines.  The  analyses  were  made  by  this 
biu*eau  or  by  the  technologic  branch  of  the  United  States  Geological 
Survey  before  it  was  organized  as  the  Bureau  of  Mines. 

In  the  table  the  analyses  are  given  in  four  forms,  marked  A,  B,  C, 
and  D.  Analysis  A  represents  the  sample  as  it  comes  from  the 
mine.  Analysis  B  represents  the  sample  after  it  has  been  dried  at 
a  temperature  a  little  above  the  normal  until  its  weight  becomes 
constant.  This  form  of  analysis  probably  re}»*esent8  the  coal  in  its 
most  stable  condition  and  approaching  most  closely  its  condition  as 
it  reaches  the  market.  Analysis  C  represents  the  theoretical  condi- 
tion of  the  coal  after  all  its  moisture  has  been  eliminated.  Analysis 
D  represents  the  coal  after  all  moisture  and  ash  have  been  theoreti- 
cally removed.  Forms  C  and  D,  which  are  obtained  from  the  others 
by  recalculation,  represent  theoretical  substances  that  do  not  exist 
In  the  proximate  analysis  the  coal  is  broken  up  into  certain  conven- 
tional constituents,  representing  approximately  those  foimd  in  the 
process  of  coking.  In  other  words,  the  proximate  analysis  shows 
what  portion  of  the  sample  passes  away  in  coking  (the  moisture  and 
volatile  matter)  and  what  part  remains  (the  fixed  carbon  and  ash). 
The  ultimate  analysis  shows  the  chemical  elements  of  the  coal.  Fot 
general  comparisons,  however,  the  heating  value  of  the  sample  in  the 
air-dried  condition  presents  a  more  succinct  means  than  the  amounts 
of  the  various  constituents  determined  by  the  proximate  or  ultimate 
analyses. 

COMPABISON  OF  ANALYSES  OF  THE  DIFFEBENT  BEDS. 

The  samples  as  received  from  the  mine  show  the  Lexington  coal  to 
contain  on  the  average  the  most  moisture  and  the  Bevier  the  least, 
but  La  the  air-dried  condition  the  Lexington  contains  the  least  and 
the  Lower  Ardmore  the  most  moisture.  On  an  air-dried  basis  the 
Bevier  bed  ranks  highest  and  the  Lower  Ardmore  lowest  as  regards 
the  amount  of  fixed  carbon  in  the  average  sample.  According  to 
these  analyses,  the  Lower  Ardinore  contains  the  least  ash  and  the 
Bevier  contains  the  most.  The  amount  of  sulphur  in  the  average  of 
the  Bevier  samples  and  in  the  one  sample  of  the  Lower  Ardmore  is 
practically  the  same,  and  is  more  than  in  the  Lexington.  In  the 
number  of  British  thermal  units,  the  Lower  Ardmore  seems  to  rank 
highest,  but  the  Lexington  and  Bevier  appear  to  be  close  seconds. 
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The  following  table  of  average  analyses  shows  in  concise  form  the 
statements  of  the  foregoing  paragraph : 

Average  analyses  of  coal  beds  of  a  part  of  northeastern  Missouri, 


Name  of  bed. 


LexlDStoD 

Berier 

Lower  Ardmore. 


Conditioii  of 
samples. 


Air  dried... 
A3  received. 
Air  dried... 
As  received. 
Air  dried... 
As  received. 


Moisture. 

Fixed 
carbon. 

Ash. 

Sulphur. 

4.71 

43.66 

12.57 

8.99 

16.71 

38.15 

11.00 

3.48 

6.37 

43.97 

14.63 

4.56 

14.84 

39.62 

13.16 

4.16 

6.60 

41.77 

9.76 

4.63 

16.98 

37.18 

8.60 

4.12 

British 

thermal 

units. 


11,606 
10,148 
11,461 
10,300 
12,132 
10,796 


QUANTITY. 

As  little  is  known  of  the  coal  resources  in  many  places  in  the  dis- 
trict;  only  an  approximate  estimate  of  the  total  original  tonnage  can 
be  made.  The  following  estimate  for  the  four  counties  in  the  district; 
made  on  the  basis  of  1,800  tons  of  coal  to  the  acre-foot,  includes  only 
beds  14  inches  or  more  in  thickness  and  is  very  conservative.  Of 
the  total  original  tonnage  of  9,865,000,000  tons,  less  than  one-fifth 
of  1  per  cent  has  been  mined. 

Estimated  original  tonnage  of  coal. 


County. 

Coal  beds. 

Short  tons. 

Adair 

T^Axinfrt/m,  IKtavifr,  and  Jjnvrtr  ArdmnrA , 

2,260,000,000 

4,295,000,000 

340,000,000 

2,970,000,000 

Putnam 

I^xington,  Bevier,  Lower  Ardmore,  and  lower  beds 

Schuyler 

Sulltvan.  ^^  - , 

do . . ' '. '. 

Ovid,  Lexington,  Bevier,  and  Lower  Ardmore 

9,865,000,000 

DEVELOPMENT. 

At  present  three  districts  in  the  area  have  shipping  mines.     These 

districts  are,  in  productive  rank,  the  Novinger-ConnelsviUe,  the  Coal 

City,  and  the  Mendota-Unionville.     Besides  the  shipping  mines  a 

large  number  of  local  mines,  chiefly  drifts  and  slopes,  operate  during 

the  threshing  season  and  the  colder  months  of  the  year  and  sell  to 

a  wagon  trade.     Few  of  these  mines  penetrate  more  than  100  feet 

from  the  outcrop  and  are  abandoned  in  the  spring,  as  it  is  easier 

to  open  a  new  mine  than  to  clean  out  the  old  entries  when  work  is 

resimaed  in  the  fall. 

HISTORY. 

The  date  of  the  first  mining  probably  coincides  with  the  settlement 
of  the  country.  At  the  Snake  Den  mine,  in  northwestern  Schuyler 
County,  operations  have  been  in  progress  more  or  less  continuously 
for  about  50  years.     The  first  shipping  mines  were  those  at  Mendota, 
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which  have  been  operated  for  a  quarter  of  a  century  or  more.  Hie 
drift  mines  at  Stahl  and  one  of  the  shafts  at  Danf orth  were  produciDg 
in  1890.  The  first  shaft  at  Milan  was  smik  in  1890  and  the  Blackbird 
Block  Coal  Co.,  after  purchasing  the  mine  of  Castello  &  Sunderland, 
at  Blackbird;  Putnam  County,  began  operations  in  September  of  the 
same  year.  The  Emporia  shaft  was  sunk  in  1894  in  the  same  district. 
Stroup  Bros,  began  in  that  year  to  sink  a  shaft  1  mile  west  of  Novinger 
in  hope  of  reaching  the  bed  worked  at  Danforth.  The  attempt  was 
successful;  and  as  a  result  the  O.  K.  Coal  Co.  was  organized  and  began 
producing  in  October,  1894.  About  the  same  time  the  camp  at  Duey 
was  started  and  work  in  both  the  Lexington  and  Bevier  beds  was 
begun  but  proved  a  failiu*e.  Before  1897  prospecting  at  StaU 
showed  a  lower  bed  and  In  1897  a  shaft  was  sunk  to  it  but  was  soon 
abandoned. 

Although  mining  began  at  Novinger  in  1894  it  was  six  or  seven 
years  before  that  district  began  to  attract  much  attention.  The 
Rombauer  Coal  Co.  bought  the  O.  K.  property  in  1898  and  in  1901 
began  to  sink  shaft  No.  2.  In  the  same  year  the  Kansas  City  Midland 
Coal  Co.  commenced  business  at  Novinger,  the  Manufacturers  Coal  & 
Coke  Co.  opened  a  number  of  mines  near  Ninevah,  changing  the 
name  of  that  village  to  ConneLsville,  and  C.  B.  Havens  bought  the 
Danforth  property.  In  1901  also  the  Iowa  &  St.  Louis  Railroad  was 
built,  and  the  district  surrounding  Novinger  was  rapidly  transformed 
from  a  wilderness  to  a  thriving  mining  conmnmity.  The  next  year 
the  Manufacturers  Coal  &  Coke  Co.  opened  a  slope  in  northwestern 
Schuyler  County  and  the  Bevier  bed  was  reached  at  Eorksville.  In 
1903  the  Great  Northern  Fuel  Co.  entered  the  Novinger  field  and  the 
next  year  the  second  Afilan  shaft  was  sunk.  Two  years  later  a 
second  shaft  was  simk  at  Kirksville,  and  in  1912  the  Lower  Ardmore 
bed  was  opened  at  that  place.  At  present  the  Danforth,  Duey, 
Stahl,  and  Milan  mines  have  nearly  or  quite  ceased  operations,  so 
far  as  shipping  is  concerned,  as  they  are  unable  to  compete  with 
other  mines  because  of  the  parting  in  the  coal  bed. 

JJQUIPMENT. 

The  coal  is  mined  by  stripping,  drifts,  and  slopes  or  shafts,  though 
most  of  the  larger  mines  have  shafts.  The  236-foot  shaft  of  the  Star 
Coal  Co.  at  Kirksville  is  the  deepest.  Most  of  the  larger  mines  are 
well  equipped  with  top  works  and  one  mine  has  an  dectric  hoist. 
The  other  large  mines  have  steam  hoists.  The  conmion  type  of  horse 
gin  or  handpower  hoist  is  used  at  the  smaller  shaft  mines.  The  haul- 
ing is  done  with  mules  or  burros  in  all  mines  of  any  size,  though  the 
ConsoUdated  Stahl  Coal  Co.,  which  formerly  operated  a  drift  at  Stahl, 
used  motor  haulage  to  advantage. 
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The  mineB  at  Novinger;  ConnelsvUle,  Milan,  Mendota,  and  Coal 
City  are  connected  with  the  main  lines  of  the  railroads  hy  spurs,  one 
being  under  construction  at  the  shaft  near  Unionville  when  the  field 
work  was  done.  The  mines  in  eastern  Putnam  County  would  un- 
doubtedly be  greatly  benefited  by  spurs  that  could  be  easily  built  up 
Shoal  and  Blackbird  creeks. 

MTNTINa  METHODS. 

Lexington  coal  hed. — In  most  of  the  area  imder  discussion,  the 
Lexington  coal  is  mined  by  the  room-and-pillar  system,  owing  to  the 
presence  of  "shps^'  and  preglacial  channels  (''faults'')  and  to  the 
tendency  of  the  underclay  to  "heave."  The  limestone  cap  rock 
about  2  feet  above  the  coal  forms  a  good  roof,  however,  and  would 
probably  permit  long-wall  work  where  there  are  no  "slips"  and 
"faidts"  and  where  the  underclay  is  thin. 

Bevier  coal  bed, — ^At  present  the  room-and-pillar  method  is  usually 
followed  in  mining  the  Bevier  coal  bed,  but  the  long-wall  method  has 
been  introduced  with  good  results.  The  hydraulic  cartridge  is  being 
used  in  connection  with  long-wall  work  and  in  the  opinion  of  operators 
in  the  Novinger  field  is  a  success  in  reducing  the  amount  of  slack 
ooal.  By  the  room-and-pillar  method  approximately  two-thirds  of 
the  coal  is  recovered. 

Lower  Ardmore  coal  hed, — ^As  the  Lower  Ardmore  coal  bed  has  just 

been  opened,  nothing  is  known  of  the  conditions  imder  which  it  may 

best  be  mined,  but  it  is  the  intention  to  use  the  long-wall  system  if  on 

trial  it  proves  to  be  successful.    Although  not  equal  in  importance  at 

the  present  time  to  the  BeVier  coal,  it  will  probably  become  a  valuable 

bed  when  the  Bevier  is  exhausted,  and  should  prove  of  value  at 

present  in  the  locaUties  in  which  the  Bevier  is  absent  or  irregular  in 

thickness. 

PRODUCTION. 

The  production  and  value  of  the  coal  mined  in  the  parts  of  the 
four  counties  lying  in  the  region  under  discussion  for  1910  and  1911 
are  shown  in  the  following  table: 

Production  and  value  of  coal  mined  in  a  part  of  northeastern  Missouri^  1910-11, 


County. 


Adair... 
Putnam. 
Schuyler 
Sallivan. 


Production  (short 
tons). 


1910 


250,230 

60,645 

1,943 

7.200 


3:0,018 


1911 


352,486 

21,259 

21,950 

1,000 


396,006 


Vahie. 


1910 


1412.621 

119,896 

3,936 

21,600 


558,053 


1911 


$553,848 

37,442 

40,675 

2,750 


634,715 


366'— Bull.  541—14- 
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FUTURE  OF  THE  DISTRICT. 

Under  present  conditions  the  future  outlook  for  the  district  is  not 
particularly  bright;  chiefly  because  of  its  location,  which  limits  the 
market.  On  the  south  lies  the  Bevier  fidd  and  on  the  north  the  Iowa 
field;  so  that  the  output  in  this  district  is  largely  used  locally  or  in 
near-by  sections  of  northern  Missouri  by  railroads  and  for  domestic 
fuel.  Direct  communication  by  rail  with  northwestern  Missouri  and 
eastern  Nebraska  would  furnish  a  new  outlet  and  would  undoubtedly 
be  a  great  advantage.  Manufacturing  in  the  district  has  been  com- 
menced by  the  location  of  a  shoe  factory  at  Kirksville,  and  other 
enterprises  might  be  started  at  this  and  other  neai^by  points  to  the 
mutual  advantage  of  manufacturer  and  mine  operator. 


THE    CANNONBALL    RIVER    UGNITE    FIEU),    MORTON, 
ADAMS,  AND  HETTINGER  COUNTIES,  NORTH  DAKOTA. 


By  E.  RcBSBLL  Llotd. 


INTRODUCTION. 

LOOATION  ANB  BXTEHrr. 

During  the  summers  of  1912  and  1913  the  writer  undertook  to  de- 
termine as  nearly  as  possible  the  southeastern  limits  of  the  North 
Dakota  lignite  region.  Previoua  to  that  time  the  presence  of  lignite 
in  this  part  of  the  State  was  known  in  only  a  general  way  and  it  was 


necessary  to  examine  a  lai^  area  wherein  lignite  occura  only  locally 
and  in  thin  beds.  The  limits  of  the  region  of  the  more  important 
beds  lie  partly  within  the  area  examined  and  partly  northwest  of  it, 
and  the  term  "Cannonball  River  lignite  field"  is  used  to  embrace 
a  few  small  districts  wherein  lignite  is  being  or  may  be  mined  on  a 
large  scale  and  a  large  area  wherein  lignite  is  absent  or  occurs  in 
beds  BO  thin  that  it  will  never  be  of  importance  except  for  local  use. 
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The  field  has  a  total  area  of  about  2,170  square  miles  (fig.  8),  of 
which  only  about  one-fifth,  or  approximately  420  square  miles^  is 
underlain  by  beds  of  Ugnite  more  than  2^  feet  in  thickness.  A 
large  area  in  the  eastern  part  of  the  district  examined  contains  only 
thin  beds  of  lignite;  for  that  reason  it  is  not  included  in  the  area 
represented  on  the  accompanying  maps  (Pis.  XTTT^  p.  282,  and  XIV, 
p.  290)  and  will  be  only  briefly  described  in  this  report.  In  another  ' 
paper  the  writer  proposes  to  present  more  fully  tiie  scientific  data 
obtained  in  this  and  adjoining  fields. 

The  Cannonball  River  field  lies  between  longitude  100^  40^  and 
102^  40'  west  (fig.  8).  Its  southern  boimdary  west  of  the  one  hun- 
dred and  second  meridian  is  the  North  Dakota-South  Dakota  State 
line.  East  of  that  meridian  it  adjoins  the  old  Standing  Rock  Indian 
Reservation,  the  northern  boimdary  of  which  is  formed  by  Cedar 
Oeek  and  that  part  of  Cannonball  River  east  of  the  mouth  of  this 
creek.  On  the  northeast  the  field  adjoins  the  Bismarck  quadran^e, 
which  is  bounded  on  the  south  by  latitude  46^  30'  and  on  the  west  by 
longitude  101^.  The  boundary  of  the  Cannonball  River  field  on  the 
west  and  north  is  irregrilar  and  was  determined  by  the  desirability 
of  immediate  classification  of  this  land  with  regaiti  to  its  coal  or 
noncoal  character  and  by  the  time  available  for  examination. 

FIELD  WORK. 

The  field  examination  upon  which  this  report  is  based  was  made 
by  parties  in  charge  of  the  writer  during  the  summers  of  1912  and 
1913.  The  writer  was  assisted  in  1912  by  B.  W.  Clark,  W.  T. 
Thom,  jr.,  and  L.  M.  Neumann;  in  1913  by  W.  C.  Mansfield,  A.  C. 
Dennis,  and  L.  M.  Neumann.  The  work  was  done  under  the  direct 
supervision  of  M.  R.  Campbell  and  E.  G.  Woodruff,  to  both  of  whom 
the  writer  is  indebted  for  many  valuable  suggestions.  The  field 
work  was  materially  assisted  by  the  ever-ready  hospitality  of  resi- 
dents of  the  field  and  by  much  valuable  information  contributed  by 
them.  It  is  impracticable  to  make  special  mention  of  these  courte- 
sies, and  acknowledgments  can  be  made  only  in  this  general  way. 

The  area  examined  in  1912  is  shown  on  the  larger  map  (PL  XIII) 
and  embraces  an  area  of  about  970  square  miles.  In  1913  an  adjoin- 
ing area  of  nearly  1,200  square  miles  was  examined  in  the  valleys  of 
Cannonball  and  Heart  rivers,  of  which  eight  townships,  comprising 
the  more  important  lignite  district,  are  shown  in  Plate  XIV. 

The  geologic  examination  was  made  primarily  for  the  purpose  of 
classifying  the  land  with  regard  to  the  amount  of  lignite  it  contains. 
In  conducting  such  an  examination  an  attempt  was  made  to  deter- 
mine the  extent  and  thickness  of  the  lignite  beds  from  a  study  of 
their  outcrops,  supplemented  by  such  data  as  could  be  obtained  con- 
cerning lignite  discovered  in  wells.  Exposures  of  lignite  more  than  2 
feet  thick  were  carefully  measured,  and  the  locations  and  altitudes 
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determined  with  plane  table,  telescopic  alidade,  and  stadia  rod.  The 
outcrops  of  lignite  beds  were  mapped  accurately  wherever  exposed, 
and  where  not  exposed  they  were  mapped  approximately  by  refer- 
ence to  adjacent  strata  or  from  topographic  features  alone.  Where 
lignite  was  not  found,  the  geology  and  topography  were  mapped 
with  plane  table  and  alidade. 

The  Land  Office  surveys  of  the  region  embraced  in  this  report  were 
made  between  the  years  1890  and  1902.  The  comers  are,  as  a  general 
rule,  well  marked,  and  no  discrepancy  was  observed  between  the 
position  of  the  stones  in  the  field  and  that  shown  on  the  official  plats. 
Township  plats  of  the  General  Land  Office  were  used  as  base  maps  for 
the  field  work  and  for  the  construction  of  Plates  XIII  and  XIV. 

PBEVIOXTS  PUBLICATIONS. 

The  portion  of  western  North  Dakota  drained  by  Cannonball  River 
and  its  tributaries  has  long  been  known  to  be  a  part  of  the  great  lignite 
area  of  the  Dakotas  and  eastern  Montana.  The  explorations  of  the 
Lewis  and  Clark  expedition,  1804-1806,  established  the  existence  of 
what  was  supposed  to  be  "  stone  coal "  (lignite)  in  the  Mandan  country. 
Nearly  every  succeeding  expedition  added  something  of  interest,  but 
it  was  not  until  the  exploration  of  F.  V.  Hayden,  under  the  direction 
of  Lieut.  G.  K.  Warren,  United  States  Topographical  Engineers,  that 
any  attempt  was  made  to  publish  a  geologic  map  of  the  region.^  In 
1874  an  expedition  under  the  command  of  Gens.  Custer  and  Ludlow, 
accompanied  by  N.  H.  Winchell,  as  geologist,  made  a  reconnaissance 
trip  to  the  Black  Hills,  crossing  the  Cannonball  River  field  on  the  way.* 

In  recent  years  the  Geological  Siu^ey  of  North  Dakota  has  pub- 
lished several  articles  dealing  with  the  lignite  beds  of  the  State,  but 
particular  attention  was  given  to  the  more  fully  developed  territory 
to  the  north  and  west,  and  the  Cannonball  River  field  received  scant 
attention.  A.  G.  Leonard,  State  geologist,  has  recently  published  an 
article'  in  which  he  records  and  discusses  several  sections  exposed 
along  Cannonball  and  Heart  rivers  in  Morton  County.  Some  of 
these  sections  have   been  reexamined  by  the  writer  and  will  be 

described  later. 

GEOGRAPHY. 

OOMMEKOIAL  RELATIONS. 

The  main  line  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  crosses 
the  southwestern  border  of  the  field  in  an  east-west  direction.  The 
Cannonball  branch  of  the  same  road,  which  extends  from  McLaughlin, 
S.  Dak.,  to  New  England,  N.  Dak.,  crosses  the  central  part  of  the  area 

I  Hayden,  F.  V.,  Notes  explanatory  of  a  map  and  section  illustrating  the  geologic  straoture  of  the  country 
bordering  on  the  Missouri  Riyer  trom  the  mouth  of  the  Platte  River  to  Fort  Benton:  Acad.  Nat.  Sol. 
Philadelphia  Proc.,  yoL  9,  pp.  100-116, 1858. 

1  Winchell,  N.  H.,  Report  of  a  reconnaissance  of  the  Black  Hills  of  Dakota  made  in  the  summer  of  1874 
by  William  Ludlow,  pp.  22  an  I  following,  and  map,  1875. 

'  Leonard,  A.  O.,  The  Cretaceous  and  Tertiary  formattons  of  western  North  Dakota  and  eastern  Montana: 
Jour.  Geok>gy,  voL  10,  pp.  507-547, 1011. 
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examined  in  1913  and  the  north  border  of  the  area  examined  in  1912. 
A  branch  of  the  Northern  Pacific  Railway  which  leaves  the  main  line 
at  Mandan  and  extends  to  Mott,  N.  Dak.,  also  crosses  the  central  part 
of  the  area  examined  in  1913.  Wagon  roads  throughout  the  field  are 
in  general  located  on  section  lines,  except  locally  where  the  land  is  so 
rough  as  to  render  this  impracticable.  These  roads  are  numerous  and 
render  all  parts  of  the  field  easily  accessible. 

The  construction  of  the  two  branch  railway  lines  has  promoted  the 
development  of  a  rich  agricultural  district.  On  each  line  are  located 
a  number  of  towns,  all  of  which  have  shown  a  steady  growth.  Solen, 
TLmmer,  Flasher,  Lark,  Carson,  Heil,  and  Odessa  on  the  Northern 
Pacific,  and  Shields,  Freda,  Raleigh,  Brisbane,  Leith,  and  Kaiser  on  the 
Cannonball  branch  of  the  Chicago,  Milwaukee  &  St.  Paul  lie  within 
the  Cannonball  field;  Elgin,  New  Leipzig,  and  Bentley  are  only  a  few 
miles  beyond  its  limits.  Haynes  and  Petrel  lie  within  the  field  on  the 
main  line  of  the  Chicago,  Milwaukee  &  St.  Paul.  Lemmon,  S.  Dak., 
at  the  State  line,  is  the  center  of  a  large  agricultiu*al  district  and 
Hettinger,  N.  Dak.,  half  a  mile  west  of  the  west  boundary  of  the 
field,  is  scarcely  less  important.  The  entire  re^on  is  well  settled  and 
is  supplied  with  adequate  postal  facilities. 

TOPOGRAPHY. 

The  Cannonball  River  field  lies  in  the  Great  Plains  province,  which 
extends  from  the  Rocky  Mountain  region  eastward  and  merges  gradu- 
ally with  the  Glaciated  Plains  east  of  Missouri  River.  The  greater 
part  of  the  field  is  a  rolling  prairie,  interrupted,  however,  at  many 
places  by  high  bowlder-covered  ridges  and  buttes  or  by  steep-sided 
valleys.  There  are  also  large  badland  areas  in  the  eastern  part  of  the 
field.  The  central  and  southern  parts  are  drained  by  Cannonball 
River  and  by  its  principal  tributary,  Cedar  Creek,  both  of  which  have 
wide  valleys  cut  from  200  to  500  feet  below  the  surrounding  plateau. 
Heart  River  crosses  the  northern  part  of  the  area  examined  in 
1913.  The  principal  smaller  tributaries  of  Cannonball  River  in  the 
field  are  Louse  Creek  with  its  branches,  Chanta  Peta  and  Dogtooth 
creeks,  Three  Buttes  Creek,  Sixmile  Creek,  and  Snake  Creek. 
Crooked,  Timber,  and  Duck  creeks  flow  into  Cedar  Creek.  The  only 
important  southern  tributary  of  Heart  River  is  Antelope  Creek. 

All  these  streams  and  many  of  their  smaller  tributaries  contain 
either  nmning  water  or  water  holes  throughout  the  year.  Springs 
are  fairly  common  throughout  the  whole  area  but  are  most  abundant 
at  the  outcrops  of  the  principal  lignite  beds.  In  most  places  water 
can  be  reached  by  wells  at  comparatively  shallow  depths,  and  it  is 
from  such  wells  that  the  principal  supply  is  obtained  for  domestic 
use.  The  water  in  this  area  is  in  general  comparatively  free  from 
sulphates,  calcium,  and  sodium,  the  ordinary  impurities  which  render 
much  of  the  water  of  the  Great  Plains  region  unfit  for  use. 
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From  a  point  about  a  dozen  miles  above  the  mouth  of  Cedar  Creek 
and  thence  eastward  to  Missouri  River,  the  valleys  of  Cannon- 
ball  River  and  its  principal  tributaries  are  characterized  by  bad 
lands  which  in  the  eastern  part  of  the  field  extend  locally  several 
miles  back  from  the  streams.  Within  the  badland  area  are  wide 
stretches  which  appear  nearly  level  but  which  are  cut  by  numerous 
small  coulees  and  are  only  locally  sufficiently  level  for  cultivation. 

West  of  the  badland  areas  the  valleys  of  Cannonball  River  and 
of  Cedar  Creek  have  in  general  broadly  terraced  slopes,  due  chiefly  to 
the  erosion  of  alternating  beds  of  sandstone  and  shale.  The  valley  of 
the  Cannonball  is  in  general  narrower  and  more  rugged  than  that  of 
Cedar  Creek,  but  both  streams  have  at  many  places  cut  steep  bluffs 
in  which  the  strata  are  well  exposed.  The  general  upland  part  of 
the  field  is  gently  rolling  or  nearly  level,  except  for  numerous  high 
ridges  which  are  practically  covered  with  large  quartzitic  bowlders. 

AaKICTTLTXTBS. 

The  Cannonball  River  field  is  located  in  what  is  known  as  the  semi- 
arid  region  of  the  Great  Plains,  where  the  rainfall  is  only  moderate  in 
amount  and  often  comes  at  seasons  when  least  needed.  With  the 
exception  of  the  rocky  hills  and  some  rough  country  along  the  streams, 
nearly  all  of  the  land  can  be  cultivated,  the  soil  constituents  being  such 
that  only  a  small  amount  of  moisture  is  sufficient  to  insiu*e  good 
crops.  Wheat  is  by  far  the  most  important  crop,  but  flax,  oats,  rye, 
barley,  potatoes,  and  other  grains  and  vegetables  are  raised  exten- 
sively. Except  for  a  limited  growth  of  small  timber  along  the  prin- 
cipal streams  and  in  steep  coulees,  the  region  is  open  prairie,  destitute 

of  trees. 

GEOIiOGY. 

STKATiaKAPHY. 
GENERAL   CHARACTER  OF  THE  ROOKS. 

The  Fort  Union  formation,  of  the  lower  part  of  the  Tertiary  system 
(Eocene),  which  contains  the  greater  \  art  of  the  valuable  lignite  in 
the  Dakotas  and  eastern  Montana,  embraces  the  surface  rocks  in 
the  western  and  northwestern  parts  of  the  Cannonball  River  field. 
Underneath  the  Fort  Union  is  a  series  of  beds  which  are  now  tenta- 
tively classified  as  probably  of  early  Tertiary  age  and  which  have  been 
referred  to  the  Lance  formation.  The  upper  250  or  300  feet  of  this 
formation  is  in  the  field  markedly  different  in  lithologic  character  from 
the  underlying  more  typical  Lance,  and  has  been  found  at  numerous 
places  to  contain  the  remains  of  a  marine  fauna,  which  has  not  pre- 
viously been  known  in  this  part  of  the  stratigraphic  section.  These 
beds  have  been  mapped  separately  and  are  herein  designated  the 
Cannonball  marine  member  of  the  Lance  formation.*    The  imder- 

1  The  Cannonball  marine  member  of  the  Lance  formation  is  described  only  briefly  in  this  report.    It 
will  be  described  in  detail  in  a  forthcoming  paper,  which  is  now  in  course  of  preparation. 
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lying  lower  part  of  the  Lance  is  of  freeh-water  origin  and  is  composed 
of  alternating  beds  of  shale  and  sandstone  which  on  erosion  give  rise 
to  the  badlands  described  above.  Its  thickness  is  approximately 
400  feet.  In  the  extreme  eastern  part  of  the  field  the  top  of  the  Fox 
Hills  sandstone,  which  imderlies  the  Lance  formation,  is  exposed  in 
the  bluffs  of  Cannonball  River. 

The  tops  of  a  few  high  buttes  are  capped  with  sandstone  and  fresh- 
water limestone  belonging  to  the  Yl/liite  River  (Oligocene)  formation. 
Beds  of  sand  and  gravel  on  the  tops  of  some  of  the  higher  buttes 
belong  to  either  the  latest  Tertiary  or  to  the  early  part  of  the  Quater- 
nary period,  and  the  Quaternary  is  also  represented  by  high-terraoe 
river  gravel  and  by  glacial  bowlders. 

The  general  character  and  relations  of  the  formation  exposed  in 
this  field  are  shown  in  the  following  table: 

Stratigraphy  of  the  Cannonball  River  lignite  field. 


System. 

Series. 

Formation. 

Qiaractcr. 

TbUk- 

Quatflmary. 

• 

Glacial  bowlders  and  rirw  tamoe 
graveL 

'(■) 

Tertiary  or  Qaatemary. 

Sand  and  grayel  on  tops  of  m^ 
buttes. 

(•) 

Tertiary. 

Oligocene. 

White  River  for- 
matiozL 

water  limestone. 

(•) 

Eocene. 

Fort  Union  forma- 
tion. 

lignite. 

300-00 

Tertiary  (?). 

Eocene  (7). 

Lance  formation. 

Cannonball  marine  member  (dark 
sandy  shale,  dark  shaly  sandstone 
and  yeUow  sandstone,  containing 
marine  shells). 

250-aOO 

Somber-colored  shale,  yellow  sand- 
stone, and  thin  lignite  beds. 

«XH50 

Cretaceous. 

Upper  Cre- 
taceous. 

Fox    HIlLs   sand- 
stone. 

Sandstone,  yellow  or  brown,  friable. 

(•) 

a  Not  determined. 


CBETACEOUS   SYSTEM. 


FOX  HILLS  SAKDSTONE. 

The  Fox  Hills  sandstone  is  exposed  in  the  bluffs  of  Cannonball 
River  in  the  extreme  eastern  part  of  the  area  examined  in  1913, 
about  25  miles  east  of  the  area  shown  on  the  maps  accompanying 
this  report.  The  rock  is  a  fine-grained  friable  sandstone,  yellow  or 
brown  in  color,  and  locally  contains  a  rich  marine  fauna.^ 

i  For  more  complete  description  of  the  Fox  Uills  sandstone  in  this  region  see:  Stanton,  T.  W.,  Fox  HIDs 
sandstone  and  Lance  formation  ("Ceratops  beds'')  in  South  Dakota.  North  Dakota,  and  eastern  Wyo* 
ming:  Am.  Joor.  Sci.,  4th  ser.,  vol.  30,  pp.  172>188, 1910  Knowlton,  F.  H.,  Further  data  on  the  stratlgnptale 
position  of  the  Lance  formation  (Ceratops  beds) :  Jour.  Oeology ,  vol.  10,  pp.  358-376, 1911.  Leonard,  A.  O,, 
The  Cretaceous  and  Tertiary  formations  of  western  North  Dakota  and  eastern  Montana:  Jour.  Qeolagf, 
vol.  19,  p.  511, 1911;  The  geological  map  of  North  Dakota:  Univ.  of  North  Dakota  Quart  Jour.,  ToLi, 
No.  1,  Oct.,  1913.  Calvert,  W.  R.,  and  others,  Oeology  of  the  Standing  Hock  and  Cbeycnne  BlTVlndfaai 
leeervations.  North  and  South  Dakota:  U.  S.  Qeol.  Survey  Bull.  575,  pp.  11-16, 1914. 
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TBBTIABY    (1)    SYSTEM. 
LAVOS  FOBKATXOV. 

Lower  part  of  the  Lance  formation. — ^The  lower  port  of  the  Lance 
formation  outcrops  in  the  valleys  of  Cannonball  River  and  its  tribu- 
taries in  the  eastern  part  of  the  field.  Within  the  region  shown  on  the 
accompanying  maps  it  outcrops  only  in  small  areas  on  Cannonball 
River  and  Cedar  Greek.  This  part  of  the  formation  consists  of  alter- 
nating beds  of  shale  and  sandstone  with  thin  beds  of  lignite.  The  total 
thickness  is  approximately  400  feet.  The  shale  is  predominantly 
somber  in  color,  commonly  gray  or  black.  The  sandstone  is  yellow 
or  buff.  Locally,  brown  carbonaceous  layers  and  lenticular  beds  of 
bog  iron  are  present  and  form  conspicuous  outcrops.  Where  the 
Lance  formation  is  exposed,  the  surface  is  characterized  by  wide  and 
nearly  flat  valleys  bordered  by  steep  and  picturesque  badland  bluffs. 

Fossil  leaves  collected  near  the  top  of  the  lower  part  of  the  Lance 
have  been  identified  by  Mr.  Knowlton  as  belonging  to  the  Fort 
Union  flora.  Only  fragmentary  vertebrate  remains  were  found  in 
this  portion  of  the  Lance  in  the  Cannonball  River  field,  but  in  the 
examination  of  the  Standing  Rock  Indian  Reservation^  in  1909 
abundant  remains  of  dinosaur  and  turtle  bones  were  found  in  several 
places,  and  a  few  collections  of  dinosaur  bones  have  been  made  near 
the  mouth  of  Cannonball  River.* 

The  lignite  beds  of  the  lower  part  of  the  Lance  formation  have 
been  found  nearly  everywhere  in  the  Dakotas  to  be  thin  and  lenticu- 
lar. The  thin  beds  occurring  in  this  field  are  no  exception  to  the 
rule.  They  are  most  abundant  from  60  to  75  feet  below  the  top  of 
the  lower  part  of  the  formation  and  one  or  more  beds  are  exposed  in 
nearly  all  parts  of  the  field  where  that  portion  of  the  formation 
appears  at  the  surface. 

Cannonball  marine  member,* — ^The  Cannonball  marine  member  com- 
prises the  upper  250  or  300  feet  of  the  Lance  formation.  It  is  typically 
represented  in  the  bluffs  of  Cannonball  River,  in  Tps.  132  and  133 
N.,  R.  88  W.,  where  the  member  is  well  exposed.  The  following  ver- 
tical section,  measvu'ed  in  this  type  area,  shows  the  general  character 
of  the  beds: 

Section  of  Cannonball  marine  member  of  Lance  formation  in  river  bluff  in  NW,  J  tec.  11  ^ 

T.  ISt  N.,  R.  88  W, 
(Soil.)  Ft.    in. 

SandBtone,  calcareous 6 

Sandstone,  gray,  partly  consolidated,  containing  numerous  layers 
cemented  with  iron 10    6 


1  Calvert,  W.  R.,  and  otbers,  Geology  of  the  Standing  Rock  and  Cheyenne  River  Indian  reaervatioiui^ 
North  and  South  Dakota:  U.  S.  OeoL  Survey  Bull.  676,  pp.  21-22, 1914. 

s  Stanton,  T.  W.,  Waahington  Acad.  Sd.  Proc.,  vol.  11,  No.  3,  p.  260, 1009.  Leonard,  A.  0.,  The  Creta- 
oeooB  and  Tertiary  formatioinfl  of  western  North  Dakota  and  eastern  Montana:  Jour.  Geology,  vol.  19,  p. 
£24, 1911. 

'A  more  complete  deacolption  of  the  Cannonball  member  ia  in  course  of  preparation  and  will  aooQ  b« 
pabliahed. 
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It.  ia. 

8«Dd0toDe,  yellow,  oonaolidated 5 

Sandrtone,  led,  hard 6 

Shale,  dark  gny,  with  ''cannonboll''  ooncreiioiifl 25 

Shale,  very  dark  gray,  very  sandy,  with  a  layer  of  marine  flheUs 

20  feet  from  base  uid  with  *'cannonball"  ooncretionfl 103 

Base  concealed.  

144    6 

The  top  of  the  above  section  lies  approximately  50  feet  below  the 
top  of  the  member.  Although  not  complete,  the  section  is  fairly 
representative  and  shows  that  the  Cannonball  member  in  the  type 
locality  is  composed  predominantly  of  dark  sandy  shale  or  shaly 
sandstone,  with  a  subordinate  amount  of  dark-yellow  and  gray  sanc^ 
stone  commonly  occurring  in  lenticular  beds.  Similar  sections  are 
exposed  at  other  places  along  Cannonball  Biver  and  in  the  bluffs  of 
Cedar  Creek  and  Heart  Bivcr.  Some  of  the  beds  of  sandstone  near 
the  top  of  the  member  are  very  calcareous  and  contain  also  a  consid- 
erable amount  of  feldspar,  biotite,  and  pyroxene.  Over  the  greater 
part  of  the  area  where  the  Cannonball  member  comes  near  the  sur- 
face it  is  concealed  by  a  heavy  soil  mantle,  and  in  such  places  the 
sandstone  appears  relatively  more  prominent  owing  to  its  greater 
resistance  to  erosion. 

In  the  Cannonball  River  field  several  collections  of  marine  inver- 
tebrate fossils,  made  from  the  Cannonball  member  dming  the  field 
seasons  of  1912  and  1913,  have  been  identified  by  T.  W.  Stanton  as 
belonging  to  a  modified  Fox  Hills  fauna. 

TERTIARY   SYSTEM. 
FORT  UmON  FORMATION. 

The  Fort  Union  formation  is  exposed  in  the  western  and  north- 
western parts  of  the  Cannonball  River  field.  The  thickness  of  that 
part  of  the  formation  which  outcrops  in  the  field  is  about  350  feet, 
but  this  is  only  a  part  of  the  original  thickness  of  the  hgnite-bearing 
rocks  of  this  age  which  at  one  time  covered  the  entire  region.  The 
lower  100  feet  of  the  formation  is  made  up  ahnost  wholly  of  uncon- 
sohdated  and  partly  consoUdated  yellow  and  gray  sandstone  and  has 
previously  been  included  in  the  Lance  formation.^  The  material 
appears  to  be  of  fresh-water  origin,  however,  and  for  that  reason 
should  bo  included  in  the  Fort  Union  rather  than  in  the  underlying 
member  of  the  Lance,  which  is  of  marine  origin. 

The  higher  strata  of  the  Fort  Union  consist  of  massive  yellow  and 
white  sandstone,  clay  shale,  brown  and  black  carbonaceous  shale, 
and  hgnite.  The  sandstone  is  most  prominent  because  of  its  greater 
resistance  to  erosion,  but  clay  shale  and  carbonaceous  shale  probabfy 
make  up  more  than  half  of  the  formation.  The  sandstone  is  for  the 
most  part  unconsohdatcd,   but  locally  cementation  has  produced 

i  Leonard,  A.  O.,  The  CroUcoous  formations  of  western  North  Dakota  and  eastern  Montana:  Jour.  Geol> 
Tol.l9,pp.W7-M7,1011. 
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resistant  ledges  which  support  the  flat-topped  buttes  and  plateaus 
or  stand  out  as  rugged  hills  on  an  otherwise  smooth  prairie.  In  most 
places  the  cementation  of  the  sandstone  proceeds  outward  from  a 
center  in  disklike  form  mth  the  short  axis  vertical.  Where  the  process 
is  not  far  advanced,  the  individuals  appear  in  a  section  as  lenticular 
concretions  arranged  along  more  or  less  definite  horizons.  At  a  later 
stage  these  individuals  coalesce  to  form  a  ledge  of  hard  sandstone. 

A  peculiar  surface  featm*e  of  the  Fort  Union,  and  to  some  extent 
of  the  imderlying  Lance  formation,  is  the  abundance  of  angular  and 
wind-worn  blocks  or  bowlders  of  a  very  hard  quartzitic  rock.  These 
bowlders  are  in  general  confined  to  the  higher  buttes,  over  many  of 
which  they  are  strewn  so  thickly  as  to  make  the  surface  almost 
impassable  for  a  horse.  In  general,  the  bowlders  on  the  lower  buttes 
are  neither  so  large  nor  so  numerous,  but  they  are  scattered  over 
small  hillocks  far  down  in  the  Lance  formation.  They  are  commonly 
absent  over  the  greater  part  of  the  flat  prairies  and  in  the  vallejrs. 
All  these  bowlders  are  residual  renmants  from  two  or  more  com- 
paratively thin  beds  in  the  Fort  Union  which  have  been  found  in 
place  near  the  tops  of  several  high  buttes.  The  material  is  very  fine 
grained,  composed  chiefly  of  angular  or  sUghtly  rounded  quartz  grains, 
and  contains  an  abundance  of  sihcified  plant  stems  of  various  sizes, 
whieh  have  in  many  places  weathered  out,  leaving  the  rock  full  of  holes. 

The  age  of  the  Fort  Union  is  attested  by  three  collections  of  fossil 
leaves,  all  of  which  are  typical  Fort  Union  species. 

WHITE  BTTEB  FOBKATIOV. 

The  outcrop  of  the  Y?hite  River  formation  in  this  field  is  limited  to 
the  tops  of  three  high  buttes  in  the  northern  part  of  T.  131  N.,  R.  90 
W.,  and  the  southern  part  of  T.  132  N.,  R.  90  W.  The  formation 
consists  of  about  50  feet  of  calcareous  arkosic  sandstone  overlying  a 
marly  limestone,  both  of  which  are  referred  to  the  formation  on 
faimal  and  lithologic  evidence. 

RTBXTCTUBB. 

A  comparison  of  the  altitudes  of  the  lignite  beds  at  various  places, 
determined  dining  the  field  work  of  1912,  shows  that  the  strata  have 
a  general  but  very  slight  dip  to  the  north  or  northeast  in  the  northern 
and  western  parts  of  the  field  and  to  the  north  and  northweist  in  the 
southern  and  eastern  parts.  This  dip  averages  about  15  feet  to  the 
mile,  which  is  nearly  one-sixth  of  1*^.  There  is  little  evidence  at 
hand  on  which  to  base  a  general  conclusion  concerning  the  attitude 
of  the  beds  in  the  part  of  the  field  examined  in  1913.  In  that  portion 
which  is  shown  on  Plate  XIV  (p.  290) ,  the  general  dip  is  probably  to  the 
north  and  northwest.  The  region  has  apparently  not  been  disturbed  by 
any  erogenic  movements,  with  the  exception  of  a  probable  slight  tilting 
to  the  northeast  and  an  upHf t  relative  to  sea  level  which  has  brought 
it  under  the  influence  of  erosional  rather  than  of  depositional  agencies. 
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THE  lilGNITB. 

DISTBIBUTION. 

The  beds  of  lignite  at  the  top  of  the  lower  portion  of  the  Lanoe 
formation  are  so  thin  that  they  will  probably  never  be  of  value  exoept 
to  a  slight  extent  for  local  use.  In  the  Cannonball  River  field  no 
lignite  beds  are  known  in  the  Cannonball  marine  member  of  the 
Lance  formation.  The  valuable  beds  are  confined  to  the  upper  250 
feet  of  that  part  of  the  Fort  Union  formation  which  is  exposed  in  the 
field.  Owing  to  the  heavy  mantle  of  soil  which  obscures  the  strata 
over  the  greater  part  of  the  area,  conclusive  corrdations  of  the  lignite 
beds  exposed  at  widely  separated  points  can  not  be  made. 

After  the  deposition  of  the  lower  sandstone  of  the  Fort  Union  in 
this  region  it  seems  evident  that  marsh  conditions  set  in  over  wide 
areas,  and  that  in  these  independent  or  semi-independent  swamps 
vegetal  matter  was  accumulating  throughout  the  field  during  approx- 
imately the  same  period  of  tune.  This  condition  led  to  the  formation 
of  lignite  on  this  surface,  possibly  as  one  continuous  bed  throughout 
the  field,  but  more  probably  as  a  series  of  isolated  lenses  which  are  at 
or  very  near  the  same  horizon.  In  the  following  discussions  the 
lowest  important  lignite  bed  in  all  parts  of  the  field,  except  in  the 
valley  of  Cannonball  River  in  T.  133  N.,  R.  30  W.,  is  called  the  Hajnes 
lignite  bed,  although  it  is  possible  that  beds  are  thus  included  undtf 
one  name  which  are  not  continuous  mth  one  another  or  which  were 
not  even  deposited  synchronously.  AH  the  evidence  in  hand,  how- 
ever, indicates  that  the  bed,  although  varying  greatly  in  thicknees, 
was  once  practically  continuous  over  at  least  the  greater  part  of  the 
field.  It  is  therefore  believed  to  be  probably  present  under  all  the 
area  from  which  it  has  not  been  removed  by  erosion. 

The  Haynes  lignite  bed  reaches  its  greatest  known  thickness  under 
a  range  of  high  buttes  north  of  the  town  of  Haynes  in  T.  129  N., 
R.  94  W.  In  this  locahty  the  bed  is  11  to  13  feet  thick  and  is  being 
mined  extensively  for  local  use.  Farther  north  and  east,  between 
Duck  and  Cedar  creeks,  in  T.  130  N.,  R.  94  W.,  the  bed  outcrops  near 
the  tops  of  a  number  of  high  buttes,  where  it  has  been  burned  exten- 
sively along  the  outcrop.  There  the  thickness  is  from  10  to  12  feet 
Between  Cedar  and  Timber  creeks  the  bed  outcrops  for  the  most  part 
where  the  surface  has  a  gentle  slope,  and  consequently  exposures  of  the 
bed  are  practically  confined  to  the  places  at  which  it  has  been  mined. 
The  greatest  known  thickness,  10  feet,  in  this  part  of  the  area  is  at 
the  Merry  mine,  in  T.  132  N.,  R.  93  W.,  half  a  mile  north  of  the  border 
of  the  field.  From  this  place  southeastward  the  thickness  gradually 
decreases  to  less  than  2  feet  in  the  southeastern  part  of  T.  131  N., 
R.  92  W.  In  this  township  another  hgnite  bed,  about  50  feet  higher 
than  the  Haynes,  is  exposed  at  a  few  places  only.  The  very  meagier 
data  in  hand  indicate  that  it  is  from  4  to  6  feet  thick. 
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North  of  Timber  Creek,  in  the  northern  part  of  T.  131  N.  and  the 
southern  part  of  T/  132  N.,  R.  91  W.,  there  are  two  beds  of  lignite 
more  than  2^  feet  thick.  The  lower  of  these,  which  is  correlated  with 
the  Haynes  bed,  is  5  to  7  feet  thick.  The  upper  bed,  approximately 
50  feet  higher,  is  about  5  feet  thick.  In  the  northern  part  of  T.  132  N., 
R.  91  W.,  and  the  southeastern  part  of  T.  133  N.,  R.  90  W.,  is  a  group 
of  small  mines  or  strip  pits  on  a  bed  which  is  4  to  6  feet  thick  and 
which  is  presumably  the  Haynes  bed. 

South  of  Coflan  Butte,  in  T.  131  N.,  R.  90  W.,  very  little  information 
concerning  the  lignite  could  be  obtained.  It  seems  that  there  are  in 
this  locality  two  beds  from  3  to  6  feet  thick,  the  lower  of  which  is 
doubtfully  correlated  mth  the  Haynes  bed.  It  is  probable  that  two 
beds  which  are  exposed  on  the  south  face  of  Pretty  Rock  Butte,  in 
T.  131  N.,  R.  89  W.,  are  the  same.  The  lower  of  these  beds  is  4  feet 
2  inches  and  the  upper  2  feet  5  inches  thick.  Farther  north  in  the 
same  township  the  lower  bed  underhes  a  group  of  small  hills,  but  is 
only  from  2^  to  3  feet  thick. 

In  the  valley  of  Sheep  Creek,  in  T.  132  N.,  R.  90  W.,  and  in  portions 
of  adjoining  townships,  three  important  beds  are  exposed.  The 
lowest  of  these,  which  is  doubtfully  correlated  with  the  Haynes  bed, 
outcrops  in  the  valley  of  Sheep  Creek  and  has  been  mined  at  numerous 
places.  The  thickness  in  this  vicinity  ranges  approximately  from  2 
to  6  feet.  The  second  bed,  which  is  about  50  feet  higher,  is  worked 
in  three  large  stripping  mines  in  the  southern  part  of  T.  132  N.,  R. 
90  W.  The  thickness  of  the  bed  in  each  of  these  mines  is  over  6  feet 
but  its  value  is  considerably  impaired  by  thin  partings  of  shale  and 
bone  (sections  95,  96,  and  97,  PI.  XIII,  p.  282).  The  uppermost  bed 
is  exposed  high  up  on  the  north  side  of  Coffin  Butte  in  the  same  town- 
ship in  an  abandoned  strip  pit,  where  it  is  4  feet  8  inches  thick  but 
contains  a  parting  of  shale  over  a  foot  in  thickness  (section  98, 
PI.  Xni).  In  the  southwestern  part  of  T.  133  N.,  R.  89  W.,  and  the 
southeastern  part  of  T.  133  N.,  R.  90  W.,  a  group  of  high  buttes  is 
underlain  by  a  bed  of  lignite,  probably  the  same  as  that  exposed  in 
Coffin  Butte.  The  bed  has  been  burned  extensively  along  the  out- 
crop and  the  resulting  red  clinker  forms  a  conspicuous  topographic 
feature.  A  single  measm*ement  of  the  bed  obtained  in  this  vicinity 
(section  138,  PI.  XIII)  shows  a  thickness  of  7  feet  8  inches  with  an 
8-inch  parting  of  sandstone  2  feet  from  the  top. 

In  the  valley  of  a  branch  of  Cannonball  River,  in  the  eastern  part  of 
T.  133  N.,  R.  90  W.,  there  are  several  exposures  of  a  bed  of  lignite 
which  is  probably  the  Haynes  bed.  Its  thickness  ranges  from  3^  to  5 
feet.  Another  bed  which  is  thought  to  be  somewhat  lower  strati- 
graphically  than  the  Haynes  bed  is  exposed  in  the  bluffs  of  Cannon- 
ball  River  in  the  same  township.  Its  thickness  ranges  from  1  foot  11 
inches  to  over  6  feet  in  a  distance  of  about  a  mile. 
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North  of  Cannonball  River,  in  the  neighborhood  of  the  towns  of 
Leithy  Heil,  and  Kaiser,  there  are  two  lignite  beds,  the  lower  and 
more  important  of  which  is  being  mined  near  Leith  in  shaft  and  drift 
mines  and  at  other  places  in  strip  pits.  The  thickness  averages 
about  8  feet  in  the  mines  west  of  Leith  but  decreases  both  to  the  east 
and  west.  The  upper  bed  averages  4  or  5  feet  in  thickness.  The 
vertical  distance  between  the  beds  is  approximately  40  feet.  In  the 
northwestern  part  of  T.  135  N.,  R.  88  W.,  two  beds,  separated  by 
about  30  feet  of  shale  and  sandstone,  are  being  mined  in  small  strip 
pits.     Each  bed  is  about  3  feet  thick. 

In  addition  to  the  lignite  beds  mentioned  above,  a  few  other  beds 
less  than  2^  feet  thick  outcrop  in  various  parts  of  the  field.  These 
will  be  mentioned  in  the  individual  township  descriptions  given  on 
pages  263-291. 

PHYSICAL  PBOPBBTIES. 

The  lignite  of  the  Cannonball  River  field  is  similar  in  general 
character  to  that  from  other  parts  of  North  Dakota.  It  is  very  daik 
brown,  almost  black,  but  the  powder  is  brown.  Most  of  the  fresh 
lignite  has  a  dull  luster,  and  much  of  it  a  tough  woody  texture. 
Detailed  examination  of  the  more  woody  parts  shows  some  vaiiations 
in  texture,  color,  and  luster.  Small  lenses  of  bright  black  lignite, 
ranging  in  thickness  from  a  thin  film  up  to  an  inch  or  more,  alternate 
with  the  dark-brown  material,  which  has  not  nearly  so  bright  a  luster. 
Both  these  varieties  retain  in  places  the  fibrous  character  of  the  wood 
from  which  they  were  derived.  In  other  varieties  the  luster  is  duller, 
the  woody  texture  is  lacking  and  the  lignite  contains  a  large  per- 
centage of  noncombustible  material  or  ash.  Some  of  the  lignite  is  of 
a  hard  black  variety  with  well-developed  cleavage  similar  to  the 
^ubbituminous  coals  of  eastern  Wyoming  and  Montana. 

On  exposure  to  the  air  lignite  loses  a  considerable  part  of  its  mois- 
ture, shrinks,  and  soon  falls  to  pieces,  a  characteristic  which  makes 
shipping  in  open  cars  to  distant  markets  almost  impossible  and  which 
is  proving  a  serious  handicap  in  the  development  of  the  mining 
industry.  The  breaking  up  or  checking  begiQs  almost  immediately 
when  fresh  Hgnite  is  exposed  to  the  air.  The  cracks  on  the  surface 
are  nearly  at  right  angles,  so  that  the  small  blocks  which  scale  off  are 
roughly  cubical  in  form.  In  the  best  quality  of  Ugnite  the  weathered 
surfaces  are  black  and  have  a  bright  vitreous  luster,  even  though  in 
tlie  unweathered  condition  the  lignite  is  brown  and  has  a  dull  luster. 
Where  the  woody  texture  is  not  developed  much  of  the  lignite  weathers 
into  thin  laminae  parallel  to  the  bedding  plane.  The  weathering  of 
different  varieties  of  lignite  is  so  characteristic  that  often  an  exami- 
nation of  the  weathered  face  of  an  exposed  section  will  afford  a  better 
conception  of  the  variations  in  character  within  the  bed  than  wiD  an 
examination  of  the  fresh  material  itself. 
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OHEMZOAL  OOMPOSmON. 

In  order  to  ascertain  the  chemical  composition  of  coal  or  lignite, 
it  is  necessary  that  samples  taken  for  analysis  be  as  fresh  as  possible. 
For  this  reason  the  samples  from  the  Cannonball  River  field  were 
taken  only  in  drift  and  shaft  mines  and  not  from  strip  pits.  Four  such 
samples  were  collected  in  accordance  with  the  regulations  of  the  United 
States  Geological  Survey,  which  in  brief  are  as  follows:  In  a  clean, 
fresh  face  a  channel  is  cut  perpendicularly  from  roof  to  floor,  discarding 
partings  which  are  thrown  out  in  mining.  The  material  thus  obtained 
is  broken  to  pass  through  a  half-inch  screen  and  the  sample  is  reduced 
by  quartering  to  about  1  quart,  which  is  placed  in  a  galvanized  can, 
sealed,  and  sent  immediately  to  the  laboratory.  The  samples  were  ana- 
lyzed in  the  chemical  laboratory  of  the  Bureau  of  l^Gnes  at  Pittsburgh. 

The  analyses  of  these  samples  are  presented  in  the  accompanying 
table,  ^th  them  are  included  for  comparison  the  analyses  of  three 
samples  collected  by  A.  L.  Beekly  in  1909  from  smaQ  strip  pits  in  the 
valley  of  Cedar  Creek  in  T.  129  N.,  R.  88  W.,  and  also  the  analyses  of 
four  representative  samples  of  lignite  from  producing  mines  in  widely 
separated  parts  of  North  Dakota. 

In  the  table  the  analyses  are  given  in  four  forms,  marked  A,  B,  C, 
and  D.  Analysis  A  represents  the  composition  of  the  sample  as  it 
comes  from  the  mine.  This  form  of  analysis  is  not  well  suited  for  the 
comparison  of  one  coal  with  another  because  the  amount  of  moisture 
in  the  sample  as  it  comes  from  the  mine  is  largely  a  matter  of  accident, 
and  consequently  analyses  of  different  samples  of  the  same  coal 
expressed  in  this  form  may  vary  widely.  Analysis  B  represents  the 
sample  after  it  has  been  dried  at  a  temperature  a  little  above  the 
normal  until  its  weight  becomes  constant.  This  form  of  analysis  is 
best  adapted  to  the  general  purposes  of  comparisons.  Analysis  C 
represents  the  coal  after  all  the  moisture  has  been  eliminated.  Anal- 
ysis D  represents  the  coal  after  all  moisture  and  ash  have  been  theo- 
retically removed.  This  is  supposed  to  represent  the  true  coal  sub- 
stance, free  from  the  most  significant  impurities.  Forms  C  and  D 
are  obtained  from  the  others  by  recalculation. 

In  the  analytical  work  chemists  generally  recognize  that  it  is  not 
possible  to  determine  the  proximate  constituents  of  coal  or  Ugnite 
with  the  same  degree  of  accuracy  as  the  ultimate  constituents. 
Therefore,  the  air-drying  loss,  moisture,. volatile  matter,  fixed  carbon, 
and  ash  are  given  to  one  decimal  place  only.  In  an  ultimate  analysis 
the  ash,  sulphur,  hydrogen,  carbon,  nitrogen,  and  oxygen  are  given 
to  two  decimal  places.  It  is  also  understood  that  calorific  determi- 
nations to  individual  units  are  not  reliable;  therefore,  in  the  column 
headed  "Calories"  the  heat  values  are  given  to  the  nearest  five  units, 
and  in  the  column  beaded  "British  thermal  units''  they  are  given  to 
the  nearest  ten  (the  value  of  a  British  thermal  unit  being  about 
one-half  that  of  a  calorie). 
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Laboratory  No.  14Mt, — Sample  from  the  Haynes  lignite  bed,  Fort  Union  fonnAtim, 
in  the  Nipper  A  Monroe  mine,  3}  miles  northeast  of  Ha3me8,  collected  in  reg;n]ar  man- 
ner by  E.  R.  Lloyd  on  July  30,  1912.  Sample  talcen  in  entry  about  630  feet  neariy 
due  east  from  the  mine  mouth.  The  thickness  of  the  bed  at  this  point  is  about  12  feet, 
of  which  the  lower  8  feet  3  inches  is  being  mined  and  was  sampled. 

Laboratory  No,  14S44- — Sample  from  the  Haynes  lignite  bed,  Fort  Union  lonnatioii, 
in  mine  of  William  Pinkham,  about  9  miles  northeast  of  Haynes,  odlected  in  regolar 
manner  by  E.  R.  Lloyd  on  July  30, 1912.  Sample  taken  in  main  entry  about  225  feet 
south  from  the  mine  mouth.  The  thickness  of  the  bed  is  about  12  feet,  of  which  the 
lower  8  feet  10  inches  is  being  mined  and  was  sampled  (section  8,  PI.  XIII,  p.  282.) 

Laboratory  No.  147£9. — Sample  from  the  Haynes  (7)  lignite  bed  in  the  Jones  wiiw 
of  J.  T.  Dunn,  about  2  miles  west  of  Leith,  collected  in  the  regular  manner  by  £.  R. 
Lloyd  on  September  7,  1912.  Sample  taken  in  a  room  about  76  feet  southwest  from 
the  mine  shaft.  The  thickness  of  the  bed  is  about  8  feet  6  inches,  of  which  the  lomr 
6  feet  6  inches  is  being  mined  and  was  sampled  (section  152,  PI.  XIII). 

Laboratory  No.  175S7F. — Sample  from  the  Haynes  (7)  lignite  bed  in  the  TTftlVnV 
mine  of  Simon  Pederson,  about  1}  miles  southwest  of  Leith,  collected  in  regular  mm- 
ner  by  E.  R.  Lloyd  on  July  10, 1913.  Sample  taken  in  room  about  70  feet  south  ol  the 
mine  mouth,  llie  thickness  of  the  bed  at  the  mouth  is  7  feet  9  inches,  of  which  the 
lower  4  feet  10  inches  is  being  mined  and  was  sampled  (section  188,  PI.  XIV,  p.  290.) 

Laboratory  No.  7481. — Sample  from  a  bed  of  lignite  in  the  Lance  formation, 
in  the  McOord  mine  (strip  pit)  on  the  north  side  of  Cedar  Creek,  in  the  N£.  ^  sec.  5, 
T.  129  N.,  R.  88  W.,  about  8  miles  northeast  of  Morristown,  S.  Bak.,  collected  in 
regular  manner  by  A.  L.  Beekly  in  1909.  The  bed  has  a  thickness  of  2  feet  2  inchsB, 
all  of  which  was  sampled.  The  sample  was  necessarily  somewhat  weathered,  but 
represents  fairly  well  the  character  of  the  lignite. 

Laboratory  Nos.  78S9  and  784S. — Samples  collected  in  regular  manner  by  A.  L 
Beekly  in  1909  from  prospect  pits  on  the  south  side  of  Cedar  Creek,  T.  129  N.,  R.  88  W. 
They  are  from  the  same  bed  as  sample  No.  7481  and  are  also  slightly  weathered. 

Laboratory  No.  1935. — Sample  from  a  lignite  bed  in  the  Fort  Union  formation  from 
mine  of  Washburn  Lignite  Coal  Co.,  Wilton,  McLean  County,  N.  Bak.,  collected  in 
regular  manner  by  M.  R.  Campbell  on  August  3,  1905,  at  a  distance  of  1,750  feet  from 
shaft.  The  thickness  of  the  bed  at  this  point  is  9  feet  6  inches,  of  which  the  lower 
6  feet  6  inches  was  sampled. 

Laboratory  No.  1971.— Sample  from  a  lignite  bed  in  Fort  Union  formation  in  mine  ol 
Consolidated  Coal  Co.,  at  Lehigh,  Stark  County,  N.  Dak.,  collected  in  r^ular  mftunpr 
by  M.  R.  Campbell  on  August  5, 1905,  at  a  distance  of  1,900  feet  from  the  mine  mouth. 
The  thickness  of  the  bed  at  this  point  is  6  feet  4  inches,  of  which  the  lower  5  feet  was 
sampled. 

Laboratory  No.  125S3. — Sample  from  a  lignite  bed  in  Fort  Union  formation,  from 
mine  of  United  States  Reclamation  Service,  3  miles  northeast  of  Williston,  WilliaoM 
County,  N.  Dak.,  collected  in  regular  manner  by  F.  A.  Herald  on  August  16,  1911, 
at  a  distance  of  1,225  feet  east  from  the  mine  mouth.  The  thickness  of  the  bed  at  this 
point  is  10  feet  3  inches,  of  which  the  lower  8  feet  was  sampled. 

Laboratory  No.  14485. — Sample  from  Harmon  (?)  lignite  bed.  Fort  Union  formation, 
from  the  Scranton  mine  of  Charles  Liddell,  Scranton,  Bowman  County,  N.  Dak., 
collected  in  regular  manner  by  C.  J.  Hares  on  June  30,  1912,  from  face  of  east  entry 
1,000  feet  from  mine  mouth.  The  total  thickness  of  the  bed  is  20  feet  3^  inches.  The 
sample  represents  6  feet  near  the  middle  of  the  bod. 

In  a  general  way  the  comparative  values  of  the  lignite  from  diflfer- 
ent  mines  and  different  beds  can  be  obtained  from  the  heating  values 
of  the  air-dried  sample  (form  B  of  analysis).    In  the  analyses  from 
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the  Cannonball  River  fields  however,  this  criterion  is  at  fault.  In 
three  of  these  analyses,  the  first,  second,  and  fourth  given  in  the  above 
table,  the  air-drying  loss  is  comparatively  small,  which  is  probably 
due  to  the  slightly  weathered  condition  of  the  lignite  sampled.  As 
a  result,  the  other  sample — the  third  in  the  table — gave  a  much  higher 
beating  value  in  the  air-dried  form  of  analysis,  although  it  has  a 
lower  heating  value  in  all  the  other  forms.  The  results  of  the  three 
analyses  of  lignite  beds  in  the  Lance  formation  must  be  considered 
as  of  comparatively  Uttle  value  on  account  of  the  weathered  condition 
of  the  samples.  They  suggest,  however,  that  the  Lance  lignite  is 
probably  of  a  Uttle  higher  grade  than  that  from  the  Fort  Union. 

Li  all  Ugnites  the  percentage  of  moisture  is  very  high.  On  expo- 
sure to  air  a  considerable  part  of  this  moisture  is  evaporated  and  a 
resultant  shrinkage  takes  place,  causing  the  lignite  to  check  or  break 
up  into  small  pieces.  The  percentage  of  sulphur  represented  in  the 
analyses  is  higher  than  in  the  lignites  of  some  portions  of  the  plains 
basins,  but  it  is  not  so  high  as  rn  other  regions.  It  occurs  in  the 
form  of  nodules  or  balls  of  pyrite  or  marcasite  distributed  along  both 
joint  and  bedding  planes. 

In  the  analyses  of  samples  from  the  Cannonball  River  field,  and 
in  some  of  the  others  given  in  the  above  table,  the  volatile  matter 
was  determined  by  a  new  or  modified  method.  This  method  involved 
a  preliminary  heating  of  the  lignite  before  subjecting  it  to  a  tem- 
perature high  enough  to  drive  off  the  volatile  matter.  In  the 
standard  method  the  higher  heat  is  appUed  at  once,  a  process  which 
when  appUed  to  lignite  is  apt  to  cause  sputtering  with  attendant 
mechanical  loss  of  particles  of  the  sample.  This  loss  affects  chiefly 
the  fixed  carbon,  so  that  when  the  modified  method  is  used  the 
determined  percentage  of  that  constituent  is  generally  higher,  in 
some  analyses  as  much  as  20  per  cent. 

In  addition  to  the  careful  analyses  made  by  the  Bureau  of  Mines 
a  number  of  supplementary  chemical  tests  were  made  with  a  small 
portable  outfit  during  the  progress  of  field  work.  These  tests  were 
made  in  order  to  determine  in  a  number  of  samples  the  percentage  of 
moisture  set  free  on  air  drying  and  the  percentage  of  noncombustible 
material  or  ash.  This  work  was  done  by  C.  E.  Lesher,  of  the  United 
States  Geological  Survey,  in  September,  1912.  The  samples  were  all 
taken  in  the  west-central  part  of  the  field.  The  most  important 
results  of  these  tests  are  presented  in  tabular  form  on  page  260: 
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The  results  of  these  tests,  which  were  purposely  made  on  material 
of  all  grades  of  purity,  are  particularly  important  for  reference  during 
the  course  of  field  work,  as  the  most  variable  element  in  the  North 
Dakota  lignites  is  the  amount  of  ash.  For  purposes  of  land  classifica- 
tion it  is  assumed  arbitrarily  that  lignite  or  coal  does  not  contain 
over  33  per  cent  ash.  If  the  percentage  is  higher  and  the  material 
otherwise  similar,  it  is  called  bone.^  The  work  carried  on  by  Mr.  Lesher 
was  particularly  efficacious  in  determining  the  character  of  material 
which  lies  near  this  border  line.  For  example,  Nos.  8,  9,  16,  and  17 
represent  finely  divided  material  the  value  of  which  could  not  be  told 
owing  to  the  much  weathered  state  in  which  it  was  found.  The  tests, 
however,  showed  that  the  ash  content  of  all  four  samples  is  below  33 
per  cent  and  that  in  one.  No.  9,  it  is  sufficiently  low  to  class  the 
material  as  high-grade  lignite.  Nos.  19  and  20  represent  a  parting 
which  in  the  mine  examination  was  classed  as  bone.  The  analyses 
showed  it  to  be  at  the  dividing  line.  Two  samples,  Nos.  7  and  13, 
were  selected  fragments  of  the  best  quality  of  lignite  and  show  that 
the  minimum  amount  of  ash  in  lignite  is  about  2.5  per  cent. 

MININO  DBVBLOFMBNT. 

At  the  times  of  the  examination  (1912  and  1913)  there  were  only 
two  important  mining  districts  in  the  Cannonball  field,  one  in  T.  129 
N.,  R.  94  W.,  north  of  Haynes,  and  the  other  in  T.  133  N.,  Rs.  87  and 
88  W.  Strip  pits  have  also  been  opened  and  lignite  taken  out  for 
local  use  in  nearly  all  parts  of  the  field.  In  the  Haynes  district, 
T.  129  N.,  R.  94  W.,  the  lignite  underlies  a  high  narrow  ridge  and  is 
11  to  13  feet  thick.  Five  drift  mines  have  been  opened  and  supply 
the  local  trade  for  15  or  20  miles  to  the  east  and  south.  A  small 
quantity  of  lignite  is  hauled  in  wagons  to  Haynes  and  shipped  on  the 
railroad.  The  two  largest  mines  are  the  Nipper  &  Monroe  mine  in 
sec.  16  and  the  Brown  mine  of  the  Haynes  Coal  &  Mining  Co.  in  sec.  8, 
both  of  which  are  shipping  mines.  Two  other  mines,  the  Stephenson 
&  Gunderson,  in  sec.  15,  and  the  mine  of  the  Claremont  Coal  Co.,  in 
sec.  16,  depend  chiefly  on  the  local  demand.  At  the  Farmers  mine 
of  the  Haynes  Coal  Association,  in  sec.  9,  mining  has  been  done  both 
by  stripping  and  by  drifting,  but  the  mine  was  not  in  operation  at 
the  time  of  examination  in  August,  1912.  In  the  vicinity  of  Leith 
there  are  two  important  mines,  one  a  drift  mine,  in  sec.  7,  T.  133  N., 
R.  87  W.,  which  is  owned  by  Simon  Pederson,  and  the  other  a  shaft 
mine,  in  sec.  12,  T.  133  N.,  R.  88  W.,  owned  by  John  T.  Dunn. 
Although  neither  of  these  is  a  shipping  mine,  they  supply  a  large 
local  demand.  The  main  lignite  bed  in  this  locality  varies  consider^ 
ably  in  thickness,  reaching  a  maximum  of  about  8  feet  6  inches. 

In  sec.  36,  T.  130  N.,  R.  94  W.,  a  small  drift  mine,  operated  by 
William  Pinkham,  supplies  the  local  demand.  All  these  mines, 
except  that  of  Simon  Pederson,  are  dry,  but  the  ligKu.tA  on  ^ccksik^^ 


262        CONTBIBUTIONS  TO  ECONOBOC  GEOLOGY,  1012,  PA&T  H. 

shows  the  characteristically  high  moistxire  content.  At  all  of  these 
places  only  the  lower  part  of  the  bed  is  mined,  as  the  shale  or  clay 
shale  overlying  the  lignite  is  too  weak  to  serve  as  a  roof,  and  2  or  2} 
feet  of  Ugnite  must  be  loft  for  that  purpose. 

The  lignite  in  nearly  all  the  mines  is  shot  from  the  solid,  a  very 
wasteful  method,  in  which  nearly  a  third  of  the  lignite  is  broken  in 
small  fragments  and  left  in  the  mine.  This  method  of  mining  is 
particularly  inexcusable  in  the  Haynes  district,  where  the  supply 
of  lignite  is  very  limited.  The  ^Titer  estimated  that  over  one-half 
of  the  bed  was  being  wasted  or  rendered  useless  by  this  practice. 

In  all  parts  of  the  field  lignite  is  obtained  for  local  use  by  stripping 
off  the  surface  material  near  the  outcrop.  Although  the  labor 
involved  in  this  process  is  comparatively  great  it  seems  to  be  at 
present  the  most  economical  method  of  supplying  the  local  demand, 
except  where  the  bed  is  6  or  7  feet  thick.  The  bottoms  of  most  of 
these  strip  pits  are  filled  with  water,  which  is  one  of  the  most  serioiu 
obstacles  to  tliis  method  of  mining. 

The  most  extensive  stripping  examined  is  the  Merry  mine  in 
sec.  34,  T.  132  N.,  R.  93  W.,  half  a  mile  north  of  the  boundary  of  the 
field.  Here  the  lignite  bed  has  a  thickness  of  10  feet,  and  the  pit  is 
easily  drained.  Mining  at  this  point,  however,  could  be  carried  on 
more  profitably  by  a  drift. 

Some  of  the  difficulties  affecting  mining  have  already  been  men- 
tioned. Many  of  the  lignite  beds,  which  are  conmionly  inclosed 
by  beds  of  relatively  impervious  shale,  form  channels  for  underground 
water,  which  issue  at  the  outcrop  as  springs.  It  will  in  general, 
therefore,  be  necessary  that  drift  mines  be  opened  on  north  or  north- 
east slopes  go  that  the  entries  follow  the  slight  but  general  rise  of  the 
beds,  which  is  to  the  southwest,  and  which  it  is  believed  will  be  suf- 
ficient to  furnish  natural  drainage. 

The  most  seriouLS  drawback  to  mining  in  this  field  is  the  character 
of  the  overlying  shale  or  clay  shale,  which  is  so  weak  that  it  can  not 
bo  used  as  a  roof,  so  that  part  of  the  top  of  the  bed  must  be  left  for 
this  purpose.  For  this  reason  only  the  thicker  beds  can  at  present 
be  mined,  except  by  surface  stripping. 

The  Ugnite  is  at  present  used  generally  for  domestic  purposes  and 
to  some  extent  for  steaming.  The  low  grade  of  the  fuel  and  its 
extremely  poor  stocking  qualities  render  it  unfit  for  shipping  in  open 
cars,  so  that  development  for  some  years  at  least  will  be  governed  by 
the  local  demand.  Experiments  made  by  the  Bureau  of  Mines  at 
Pittsburgh  ^  and  by  the  experiment  station  of  the  North  Dakota 
School  of  Mines '  have  proved  that  the  North  Dakota  lignites  can  be 

1  Wright,  C.  L.,  Briquetting  testa  of  lignite  at  nttsburgh,  Pa.,  19(»-«,  Bu.  Mines  BuD.  14,  IWl. 
I  Babcock,  E.  J.,  Investigations  of  lignite  coal  relative  to  the  production  of  gfis  and  briqpMtc  RepC. 
School  of  Mines  and  Experimental  Station  of  North  Dakota,  1911. 
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made  into  briquets  at  a  cost  which  would  place  them  on  the  market 
in  favorable  competition  with  high-grade  coals. 

DESCRIPTION  BY  TOWNSHIPS, 

The  following  description  of  the  Cannonball  lignite  field  deals  with 
township  imits,  b^inning  with  T.  129  N.,  R.  95  W.  The  ranges  are 
described  in  order  from  west  to  east  and  in  each  range  the  townships 
are  considered  from  south  to  north.  The  townships  shown  on 
Plate  Xni  (p.  282)  are  described  first. 

The  lignite  beds  in  each  township  are  described  in  order,  beginning 
with  the  lowest.  All  places  where  examination  of  the  lignite  was 
made  and  many  places  where  it  was  reported  to  be  present  were 
accurately  located,  and  their  positions  are  shown  on  the  maps  by 
location  nimibers.  The  lignite  sections  measured  at  these  places  are 
numbered  correspondingly,  and  reference  from  the  text  to  the  maps 
and  graphic  sections  is  made  by  means  of  these  nimibers. 

T.  120  N.,  B.  06  W. 

The  surface  of  T.  129  N.,  R.  95  W.,  is  a  broad  rolling  prairie  iuter- 
rupted  by  a  few  prominent  sandstone-capped  buttes.  Flat  Creek 
flows  eastward  across  the  central  part  of  the  township  and  drains  the 
greater  part  of  its  area.  The  main  Une  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railway  crosses  the  central  part  of  the  township  in  an  east- 
west  direction.  Hettinger  is  situated  on  that  road  in  sec.  13  of  the 
township  adjoimng  on  the  west.  All  the  rocks  exposed  in  the  town- 
ship belong  to  the  Fort  Union  formation.  The  highest  land  is  ra  the 
northeastern  part,  in  sees.  1  and  2,  where  a  high  rounded  ridge  strewn 
with  quartzitic  bowlders  extends  westward  from  T.  129  N.,  R.  94  W. 

The  principal  lignite  bed  of  the  region,  to  which  the  name  Haynes 
lignite  bed  is  applied,  imderlies  the  ridge  in  sees.  1.  and  2,  its  presence 
being  shown  at  a  few  points  by  mounds  of  red  clinker  and  by  black 
dust  or  ''blossom''  at  the  surface.  Otherwise  it  is  concealed,  and 
no  measurement  of  its  thickness  could  be  made  nearer  than  the  mine 
of  the  Haynes  Coal  Co.,  in  sec.  8,  T.  129  N.,  R.  94  W.,  where  it  is 
13  feet  thick.  A  thin  bed  of  lignite  at  a  lower  horizon  underlies  some 
of  the  buttes  in  the  southern  part  of  the  township  and  was  measiured 
at  locations  1  and  2  ia  sees.  25  and  28,  where  thicknesses  of  1  foot 
7  inches  and  1  foot  4  inches,  respectively,  were  foimd. 

T.  120  K.,  B.  04  W. 

The  most  prominent  topographic  feature  of  T.  129  N.,  R.  94  W.^ 
is  a  high  rounded  ridge  extending  from  sec.  6  southeast  into  sec.  22. 
The  surface  slopes  gradually  away  from  this  divide  to  the  valleys  of 
Duck  Creek  on  the  north  and  Flat  Creek  on  the  south.  South  of 
Flat  Creek,  along  the  southern  border  of  the  township,  there  is  a 
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series  of  prominent  buttes  capped  with  30  to  40  feet  of  reBbtant  sand- 
stone. The  main  line  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
crosses  the  southern  part  of  the  township  in  a  southeast-noiihweBt 
direction.    The  town  of  Haynes  is  located  on  that  road  in  sec.  29. 

The  rocks  that  outcrop  in  the  township  belong  to  the  Fort  Union 
formation  except  in  a  part  of  the  valley  of  Flat  Creek,  where  the 
upper  part  of  the  Cannonball  marine  member  of  the  Lance  formation 
appears  at  the  surface. 

The  most  important  bed  of  lignite  in  the  Cannonball  Biver  field, 
the  Ilaynes  bed,  underUes  the  high  ridge  in  the  northweBt-central 
part  of  the  township.  It  is  being  mined  in  four  drift  mines  in  sees.  8 
Gocation  3),  15  Gocation  6),  and  16  Gocations  4  and  5).  A  fifth 
mine  in  sec.  9  Gocation  7)  was  not  in  operation  in  the  sununer  of  1912. 
Except  for  a  few  small  mounds  of  reddened  clinker  there  is  no 
surface  indication  of  this  bed,  and  it  was  first  found  in  a  well  in  the 
SW.  i  sec.  9.  All  five  of  the  mines  he  within  a  radius  of  less  than  t 
mile  and  show  Utile  variation  in  the  character  of  the  lignite  or  the 
thickness  of  the  bed,  which  ranges  from  10  feet  in  the  Stephenson  & 
Gunderson  mine  Gocation  6,  PI.  XIII,  p.  282)  to  13  feet  in  the  Brown 
mine  Gocation  3).  The  tops  of  the  hills  south  of  the  village  of  Haynee 
are  at  about  the  altitude  of  this  bed,  but  owing  to  the  dip  of  the  steata 
are  stratigraphicaUy  lower,  and  the  bed  is  therefore  not  present  ni 
that  locality.  A  sample  for  chemical  analysis  was  obtidned  from 
the  Nipper  &  Monroe  mine  Gocation  4),  the  results  of  which  are 
shown  in  the  table  on  page  16.  Sections  measured  in  two  of  the 
mines  are  shown  in  Plate  XIII  Gocations  5  and  6). 

T.  130  K.,  B.  04  W. 

The  surface  of  T.  130  N.,  R.  94  W.,  is  for  the  most  part  rolling 
prairie,  interrupted  by  a  number  of  prominent  buttes  in  the  eastern 
and  central  parts  of  the  township.  All  the  outcropping  strata  belong 
to  the  lower  200  feet  of  the  Fort  Union  formation.  The  high  buttes 
are  underlain  by  the  Haynes  Ugnite  bed,  but  the  lignite  has  been 
burned  extensively  and  much  of  the  neighboring  surface  is  strewn 
with  blocks  of  reddened  cHnker  or  with  small  mounds  of  the  same 
material.  In  only  a  few  of  the  larger  buttes  is  the  lignite  preserved 
unbumed. 

Two  mines  are  in  operation  in  the  township,  one  a  strip  pit  in  sec.  3 
(section  9,  PL  XIII),  now  partly  filled  with  water,  and  the  other  a 
drift  mine  operated  by  William  Pinkham,  in  the  NW.  i  sec.  36  (sec- 
tion 8,  PL  XIII).  The  lower  part  of  the  bed  in  the  strip  pit  at  loca- 
tion 9  could  not  be  examined,  but  the  thickness  is  reported  to  be  13 
feet;  it  is  separated  by  2  feet  4  inches  of  shale  from  »  2-foot  bed  of 
impure  lignite  above.  At  location  8  the  main  bed  is  reported  to  be 
12  feet  thick  and  the  upper  bed  1  foot  6  inches  thick.    A  sample  of  the 
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lower  8  feet  10  inches  of  the  bed  was  obtained  from  this  mine,  the 
analysis  of  which  is  given  in  the  table  on  page  256. 

T.  120  N.,  B.  OS  W. 

The  greater  part  of  T.  129  N.,  R.  93  W.,  is  drained  by  Duck  Creek, 
which  flows  eastward  across  the  north-central  part.  The  rolling 
prairie,  which  is  characteristic  of  most  of  the  township,  is  interrupted 
by  numerous  prominent  buttes,  many  of  which  are  capped  by  a  resist- 
ant sandstone.  The  main  line  of  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  crosses  the  southern  part  of  the  township  in  an  east-west 
direction.  The  town  of  Petrel  lies  in  sec.  35,  and  White  Butte  post 
office,  S.  Dak.,  is  a  few  hundred  feet  south  of  the  south  line  of  sec. 
31.  The  rocks  belong  to  the  lower  200  feet  of  the  Fort  Union  formar 
tion  and  to  the  upper  part  of  the  CannonbaU  marine  member  of  the 
Lance  formation.  The  tops  of  the  highest  buttes  in  sees.  4  and  25 
are  capped  with  reddened  clinker,  showing  the  former  presence  of 
a  bed  of  lignite,  which  is  now  entirely  burned  out.  This  bed  was 
presumably  the  Haynes  lignite  bed. 

T.  130  N.,  B.  03  W. 

Cedar  Creek  flows  southeast  across  the  central  part  of  T.  130  N., 
R.  93  W.,  and  drains  the  entire  area  of  the  township.  All  the  rocks 
belong  to  the  Fort  Union  formation  except  those  in  a  small  area  in  the 
creek  valley  in  the  southeastern  part  of  the  township,  where  the  upper 
beds  of  the  CannonbaU  marine  member  of  the  Lance  formation  are 
exposed. 

The  Haynes  lignite  bed  outcrops  near  the  tops  of  a  few  high  rocky 
buttes  in  sees.  30,  31,  and  32.  In  this  locaUty  it  has  been  extensively 
burned,  however,  and  probably  only  a  very  small  quantity  of  lignite 
remains.  A  bed  of  lignite,  presiunably  also  the  Haynes,  underlies 
the  low  hills  in  the  northeastern  comer  of  the  township.  It  is  for  the 
most  part  concealed  at  the  outcrop,  and  surface  indications  were  f oimd 
at  only  two  places.  At  the  Maire  mine,  in  the  SE.  \  sec.  1  Gocation 
11),  some  lignite  has  been  removed  by  stripping  the  overlying  surface 
material.  The  bed  at  this  place  has  a  thickness  of  about  7  feet,  part 
of  which  is  under  water.  At  the  other  locaUty,  in  the  SE.  \  sec.  2 
(location  10),  only  some  weathered  lignite  and  ashes  are  exposed  on 
the  surface. 

T.  181  K.,  B.  OS  W. 

A  series  of  high  rocky  buttes,  the  divide  between  Cedar  Creek  and 
Timber  Creek,  extends  across  T.  131  N.,  R.  93  W.,  in  a  general  north- 
west-southeast direction.  On  either  side  of  this  divide  the  surface 
slopes  gently  downward  toward  the  valleys  of  the  two  streams.  The 
higher  buttes  are  strewn  with  large  quartzitic  bowlders,  and  practi- 
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cally  the  whole  area  is  grass  covered.    All  the  rocks  belong  to  theFort 
Union  formation,  but  exposures  are  in  general  poor. 

At  least  one  bed  of  lignite  underlies  the  central  part  of  the  town- 
ship and  is  correlated  with  the  Haynes  bed.  Its  outcrop,  as  shown 
on  the  map  (PI.  XIII),  is  located  as  accurate^  as  the  available  data 
would  permit.  Farther  east,  in  T.  131  N.,  R.  92  W.,  two  other  beds 
have  been  found,  one  about  50  feet  and  the  other  nearly  150  feet  higher 
in  the  section.  As  the  hiUs  in  T.  131  N.,  R.  93  W.,  rise  nearly  200 
feet  above  the  level  of  the  Haynes  coal,  it  is  probable  that  one  or  both 
of  these  higher  beds  are  present  in  the  township  but  are  concealed. 

The  Haynes  bed  was  examined  at  a  few  places  in  this  township 
and  surface  indications  were  found  at  several  other  places.  In  the 
SW.  i  sec.  5  (location  12)  a  strong  spring  issues  from  a  bed  of  hgnite, 
which  is  probably  the  Haynes  bed.  No  measurement,  however,  was 
made  and  no  evidence  was  obtained  with  regard  to  the  bed  from  that 
place  to  the  southeast  as  far  as  sec.  28,  where,  on  the  west  side  of 
the  hill,  thoro  is  a  small  but  prominent  mound  of  cUnker.  At  the 
south  end  of  the  same  hill  a  section  was  measured  (location  13),  but 
only  1  foot  4  inches  of  weathered  lignite  and  ash  was  found.  Two 
other  sections  were  measured  south  of  the  ridge,  one  in  the  SW.  i  sec. 
27  Gocalion  14)  and  the  other  near  the  west  quarter  comer  of  sec 
35  (section  15,  PI.  XIII,  p.  282).  The  thicknesses  measured  at  these 
places  were  5  feet  6  inches  and  5  feet  5  inches,  respectively,  but  at  both 
places  the  top  of  the  bed  was  sUghtly  burned.  Small  mounds  of 
clinker  at  a  few  places  in  sec.  34  show  where  the  bed  has  been  burned 
at  the  outcrop.  North  of  the  divide,  in  the  SE.  i  sec.  12  (location  16) 
weathered  Ugnite  was  reported  in  a  well,  and  on  a  small  stream  near 
the  center  of  sec.  13  Gocation  17)  1  foot  2  inches  of  the  base  of  the  bed 
was  found,  but  the  upper  part  had  been  eroded  away.  At  Olsen's 
mine,  in  the  SW.  i  sec.  11  Gocation  18),  the  greater  part  of  the  bed  is 
under  water.  Mr.  Olsen  reports  that  there  is  3  feet  of  good  lignite, 
and  the  writer  has  estimated  that  the  weathered  and  burned  material 
above  represents  at  least  2  feet  more.  The  bed  was  found  in  a  well 
in  the  NW.  i  sec.  2  (location  19),  but  the  thickness  is  not  known. 
Half  a  mile  north  of  the  township  line,  at  Merry's  mine,  in  sec.  34,  T. 
132  N.,  R.  93  W.  (section  20,  PI.  XIII),  the  bed  has  a  thickness  of  10 
feet,  all  of  wliich  is  good  hgnite.  A  considerable  amount  of  lignite 
has  been  removed  for  local  use. 

T.  120  K.,  B.  02  W. 

The  most  prominent  topographic  feature  in  T.  129  N.,  R.  92  W., 
is  a  series  of  high  rocky  buttes  in  the  east-central  part  of  the  area, 
which  were  known  to  the  early  explorers  in  the  region  as  Les  Belles 
Pierres  Hills  from  the  abundance  of  colored  pebbles  scattered  over 
their  tops.  North  of  the  hiUs  the  slope  is  steep,  but  to  the  south  it 
is  comparatively  gradual  down  to  the  rolling  prairie  country  around 
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Lemmon,  S.  Dak.  The  drainage  is  to  the  north  toward  Cedar  Creek. 
The  main  line  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  crosses 
the  southern  part  of  the  township  in  an  east- west  direction.  Lemmon 
is  located  on  that  road  at  the  State  line  south  of  sec.  35. 

The  rocks  that  outcrop  in  most  of  this  township  belong  to  the  Fort 
Union  formation,  but  in  the  valleys  of  Duck  Creek  and  a  small  creek 
in  sec.  2  the  upper  part  of  the  Cannonball  marine  member  of  the  Lance 
formation  is  exposed. 

The  horizon  of  the  Haynes  lignite  bed  lies  from  75  to  100  feet  below 
the  tops  of  the  higher  hiUs,  but  no  evidence  of  any  bed  of  lignite  more 
than  a  few  inches  in  thickness  could  be  found  in  the  township. 

T.  130  N.,  B.  02  W. 

Cedar  Creek  jQows  eastward  across  the  southern  part  of  T.  130  N., 
R.  92  W.,  and  drains  its  entire  area.  South  of  the  stream  the  surface 
rises  steeply  toward  Les  Belles  Pierres  Hills,  but  to  the  north  the  slope 
is  much  more  gradual.  The  rocks  belong  to  the  upper  part  of  the 
Cannonball  marine  member  of  the  Lance  formation  and  to  the  Fort 
Union  formation,  the  former  outcropping  only  in  the  valley  of  Cedar 
Creek.  The  Cannonball  member  is  well  exposed  in  the  bluffs  of  the 
creek,  but  the  Fort  Union  is  for  the  most  part  concealed  by  a  heavy 
mantle  of  soil.  The  high  hills  along  the  north  border  of  the  township 
are  almost  covered  with  large  residual  blocks  of  quartzitic  material,  a 
bed  of  which,  apparently  in  place,  forms  the  top  of  Spring  Butte  in 
sec.  4. 

A  Ugnite  bed,  which  is  believed  to  be  the  Haynes  bed,  underlies 
the  higher  land  in  the  northern  part  of  the  township,  but  its  outcrop 
is  for  the  most  part  concealed.  On  the  southwest  side  of  Spring 
Butte,  in  sec.  4  (location  21),  the  bed  has  been  mined  to  some  extent 
for  local  use,  but  the  bottom  of  the  pit  is  now  under  water.  At  this 
place  4  feet  5  inches  of  lignite  is  exposed.  On  the  other  side  of  Spring 
Butte,  also  in  sec.  4,  is  the  Spring  Butte  strip  pit  Gocation  22)  in 
which  4  feet  of  lignite  is  exposed  above  the  water  in  the  bottom  of  the 
pit.  The  measurements  obtained  in  strip  pits  in  T.  131  N.,  R.  92  W. 
indicate  that  the  bed  is  thinner  toward  the  east. 

Near  the  top  of  Spring  Butte,  in  sec.  4  (location  23),  a  bed  of  lig- 
nite about  2  feet  thick  is  exppsed  about  150  feet  above  the  Haynes 
bed.  A  bed  of  lignite  less  than  2  feet  thick  was  foimd  at  a  corre- 
sponding altitude  on  a  high  butte  near  the  north  line  of  sec.  1. 

T.  131  N.,  B.  02  W. 

T.  131  N.,  R.  92  W.,  is  an  area  of  very  broad  fertile  valleys  sepa- 
rated by  high  rocky  ridges.  The  greater  part  of  the  township  is 
drained  by  small  streams  flowing  toward  the  north  and  east  into 
Timber  Chreek,  which  crosses  its  northeastern  comer.  The  main 
divide  extends  across  the  southern  part  of  the  township,  but  two  high 
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spurs  extend  into  the  northwest  and  east-central  partis.  All  the  rocks 
iMBlong  to  the  Fort  Union  formation,  but  there  are  yery  few  natural 
exposures. 

At  least  two  lignite  beds  outcrop  in  the  township,  but  the  data  are  so 
meager  that  correlations  of  the  various  exposures  and  well  records 
are  not  invariably  certain.  The  lower  bed,  which  is  supposed  to  be 
the  same  as  the  Haynes  lignite  bed,  underlies  the  greater  part  of  the 
township,  except  in  parts  of  the  valleys  to  the  northeast  and  east.  The 
upper  bed  is  about  50  feet  higher  and  imderlies  only  the  buttes. 
The  outcrops  of  the  beds  as  shown  on  the  map  were  sketched  largely 
from  the  topography  and  are  only  approximately  correct. 

On  the  south  side  of  the  divide  between  Cedar  and  Timber  creeks 
the  lower  bed  has  been  mined  at  two  places,  at  Rogers's  strip  pit  in  the 
SE.  i  sec.  31  (location  24)  and  at  Cooper's  strip  pit  near  the  west  line 
of  sec.  35  (section  25,  PI.  XIII).  The  Rogers  mine  is  not  operated 
at  present  and  is  partly  filled  with  water.  The  lignite  exposed  above 
water  level  has  a  thickness  of  5  feet  8  inches.  At  Cooper's  mine, 
however,  where  a  considerable  amount  of  lignite  is  being  removed  for 
local  use,  the  total  thickness  of  the  bed  is  only  3  feet  8  inches.  North 
of  the  main  ridge,  at  Hubbard's  mine,  in  the  SE.  i  sec.  25  (section  26, 
PL  XIII),  the  bed  is  only  1  foot  2  inches  thick.  A  bed  of  lignite, 
doubtfully  correlated  with  the  Haynes  bed,  outcrops  in  a  steep  bluff 
in  the  SE.  i  sec.  24  (location  27),  where  it  has  a  thickness  of  only  1  foot 
At  Sheep  Creek  mine,  in  sec.  23  (location  28),  the  bottom  of  the  bed  is 
covered  with  water,  but  3  feet  2  inches  of  lignite  is  exposed  above 
water  level.  The  five  localities  mentioned  above  are  the  only  places 
in  the  township  where  the  bed  could  be  examined.  At  a  number  of 
places,  however,  in  the  western  part  of  the  township,  lignite  at  about 
the  horizon  of  the  Haynes  bed  is  reported  in  wells.  These  reported 
sections  are  as  follows : 

Lignite  sections y  probably  on  Haynes  bed^  reported  in  T.  ISl  N.,  R,  9t  W, 
[In  addition  to  sections  described  in  text  and  shown  on  PI.  Xm.] 


No.  on 
map 

xriT). 

Location. 

Sectioo. 

No.  on 
map 

xm). 

Location. 

Seotion. 

29 
30 
31 
32 
33 
34 

NW.  J  sec.  10.. 
SE.isec.20... 
NW.Jsec.28.. 
6E.}sec.28... 
SW.*sec.27.. 
SW.|sec.28.. 

Ft.  in. 

Lignite  In  well 2     6 

Lignite  in  well 3 

Lignite  in  well 2 

Lignite  in  well («) 

Lignite  in  well 7 

Lignite  in  well 6 

35 
36 
37 
38 
39 
40 

SW.  J  sec.  29.. 
SE.  J  sec.  30... 
SE.    sec.  18... 
SE.;  sec. 4.... 
NE.lsec.4.... 
SW.  Jsec.5... 

Lignite  In  spring..   (•) 
Lignite  In  wSuTr...  (•) 

Lignite  tnireU 3+ 

Lignite  in  ^reO.....   (•) 

Lignite inireU (• 

Lignite  inireU 3 

o  Unknown. 


The  upper  bed  is  exposed  at  only  one  place  in  the  township,  a 
prospect  in  the  SE.  }  sec.  11  (section  44,  PI.  XIII,  p.  282).  At  this 
place  it  has  a  thickness  of  5  feet  5  inches.  Lignite  at  about  this 
horizon  was  reported  to  have  been  found  in  several  wells  in  the  town- 
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ship,  indicating  that  the  bed  probably  has  a  thickness  of  3  to  6  feet, 
at  least  in  the  eastern  part  of  the  township. 

lAgniu  aectUmi  reported  on  bed  about  SO  feet  above  Haynes  lignite  bed  in  T.  131  N.,  R. 

92  W. 
[In  addition  to  MOtkm  shown  on  PL  xm.] 


No.  on 
XTII). 

Looation. 

SeotloD. 

No.  on 
map 
(PI. 

xm). 

Location. 

Section. 

41 
42 
43 

8W.i8eo.a6.. 
NW.  1860.25.. 
BE.  i  860. 14... 

Ft.  in. 

lignite  In  won (a) 

Lignite Inimll (a) 

Lignite  inireU.....  1     0 

45 
40 

NW.i8eo.22.. 
NE.  i8ec.8... 

Ftd, 

Licnite  in  well % 

Lignite     dast 

brought    up    by 

pralne  dogs. 

•Unknown. 


T.  129  H.,  B.  91  W. 

Les  Belles  Pierres  Hills  extend  from  the  west  more  than  halfway 
across  the  north-central  part  of  T.  129  N.,  R.  91  W.  The  northern 
slope  of  the  hills  is  broken  into  a  series  of  steep  bluffs  separated  by 
wide  benches.  South  of  the  hills  is  a  smooth,  gently  rolling  prairie. 
The  drainage  of  the  entire  township  is  to  the  north  toward  Cedar 
Creek.  The  main  line  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
crosses  the  southern  part  of  the  township  in  an  east-west  direction. 
The  Cannonball  marine  member  of  the  Lance  formation  is  exposed 
in  the  vallejrs  of  Plum  Creek  and  other  northward-flowing  streams. 
Fort  Union  strata  underHe  all  the  higher  portion  of  the  township. 
Beds  of  resistant  sandstone  belonging  to  this  formation  form  promi- 
nent escarpments  on  the  sides  of  the  higher  hills,  but  over  the  greater 
part  of  the  township  rock  exposures  are  very  few.  No  lignite  was 
found  or  reported  within  the  township. 

T.  130  N.,  B.  91  W. 

Cedar  Creek  flows  eastward  across  the  southern  part  of  T.  130  N., 
R.  91  W.,  and  with  its  principal  tributary.  Timber  Creek,  drains 
the  entire  area.  South  of  the  creek  the  bluffs  rise  somewhat  abruptly 
toward  Les  Belles  Pierres  Hills,  but  to  the  north  there  is  a  more 
gradual  slope.  Rocks  belonging  to  the  Cannonball  marine  member 
of  the  Lance  formation  outcrop  in  the  valleys  of  Cedar  and  Timber 
creeks  in  the  northeastern  comer  of  the  township.  These  rocks  are 
weU  exposed  in  the  creek  bluff  about  a  mile  east  of  Stowers  post 
office  and  at  a  few  other  points  along  the  creek.  They  are  overlain 
by  the  lower  part  of  the  Fort  Union  formation,  which  occupies  only 
a  small  part  of  the  area. 

A  lignite  bed  which  is  correlated  with  the  Haynes  bed  underUes 
a  high  butte  along  the  north  line  of  sees.  5  and  6.  No  exposure  of 
the  bed  was  found  in  this  township,  but  in  a  well  in  the  NE.  i  sec.  6 
(location  48)  2  feet  of  weathered  lignite  was  reported  at  a  depth  of  26 
feet.    No  evidence  of  the  higher  beds  was  foimd  in  this  township. 
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T.  181  H.,  B.  91  W. 

Timber  Creek  flows  southeastward  across  the  central  part  of  T.  131 
N.,  R.  91  W.,  and  drains  the  entire  area.  The  surface  is  for  the  most 
part  a  rolling  prairie,  rising  to  a  series  of  rough  buttes  in  the  northern 
part  of  the  townsliip,  and  to  a  high  ridge  in  the  southwestern  comer. 
The  outcropping  rocks  belong  to  the  Fort  Union  formation  except  in 
the  low,  flat  area  along  Timber  Creek  and  its  tributaries  in  the  south* 
eastern  comer  of  the  township,  where  the  upper  part  of  the  Cannon- 
ball  marine  member  of  the  Lance  formation  appears  at  the  surface. 

There  is  evidence  that  three  beds  of  lignite  outcrop  within  the 
township,  but  exposures  are  so  few  that  correlations  are  very  unsat- 
isfactory. The  lowest  bed  outcrops  in  the  steep  bluffs  of  a  branch  of 
Timber  Creek  in  sec.  9  Gocation  49),  where  it  has  a  thickness  of  1  foot 

9  inches.  Lignite  at  about  the  same  horizon  was  reported  in  two 
weUs,  one  in  the  SW.  }  sec.  10  Gocation  50),  where  the  thickness  is 
unknown,  and  tlio  other  in  the  NW.  J  sec.  14  Gocation  61),  where  the 
tliickncss  is  2  feet.  The  next  higher  bed  of  lignite,  which  is  cone- 
lated  with  the  Ilaynes  bed,  is  not  exposed  within  the  township,  but  a 
weU  in  the  SE.  }  sec.  2  Gocation  52)  reached  the  top  of  a  bed  of  lignite 
wliich  is  at  about  tlie  horizon  of  that  bed.  Just  north  of  the  towih 
sliipUne,  in  the  SE.  J  sec.  33,  T.  132  N.,  R.  91  W.  (section  55,  PL 
XIII,  p.  282),  the  bed  has  a  thickness  of  6  feet  6  inches. 

In  tlio  SE.  I  sec.  31  (section  53,  PI.  XIII)  a  bed  of  lignite  4  feet 

10  inches  tliick  is  exposed  in  an  abandoned  strip  pit.  This  bed  is 
about  50  feet  above  the  Haynes  bed.  It  is  not  exposed  in  the 
northern  part  of  the  townsliip,  but  its  horizon  is  indicated  by  mounds 
of  clinker  at  a  number  of  places. 

T.  132  N.,  B.  01  W. 

A  high,  irregular  upland  area  extends  across  the  central  part  of 
T.  132  N.,  R.  91  W.,  forming  the  divide  between  Cannonball  River 
and  Cedar  Creek.  The  whole  township  is  characterized  by  nearly 
flat-topped  liills  with  moderately  steep  slopes.  The  rocks  all  belong 
to  the  Fort  Union  formation  and,  as  in  other  parts  of  the  field,  are 
covered  witlra  heavy  mantle  of  soil. 

Two  beds  of  lignite  outcrop  within  the  township,  the  lower  of 
which  is  doubtfully  correlated  with  the  Haynes  bed.  In  the  southern 
part  of  the  township  this  bed  has  been  mined  by  stripping  at  two 
places,  in  the  NW.  J  sec.  31  (location  54)  and  in  the  SE.  J  sec.  33 
(section  55,  PL  XIII).  At  location  54  the  pit  is  partly  filled  with 
water,  and  only  2  feet  2  inches  of  hgnite  was  exposed.  At  location  55 
the  bed  is  6  feet  6  inches  in  thickness,  but  contains  three  thin  part- 
ings of  shale  and  bone.  Half  a  mile  west  of  the  township  line,  in 
sec.  36,  T,  132  N.,  R.  92  W.  Gocation  47),  there  is  a  strip  pit  in  which 
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the  bed  is  at  least  6  feet  4  inches  thick,  the  base  being  concealed  by 
water  in  the  bottom  of  the  pit.  In  the  northern  part  of  the  township 
a  bed,  which  is  probably  the  Haynes,  is  exposed  in  three  strip  pits, 
and  was  reported  to  be  present  in  several  wells.  At  Kelch's  mine,  in 
sec.  4  (section  63,  PI.  XIII),  the  bed  is  5  feet  4  inches  thick,  but  there 
is  a  considerable  diminution  in  thickness  toward  the  east.  The  lig- 
nite sections  on  this  bed  in  the  northern  part  of  the  township  are  as 
follows: 

Ligniu  tedions  probably  on  the  Eaynes  bed  in  the  northern  part  of  T.  132  jV.,  R.  91  W. 

[In  addition  to  sections  shown  on  PL  Xm.] 


No.  on 

M 

xm). 

Looatian. 

Section. 

No.  on 
map 
(PL 

xm). 

Location. 

Section. 

56 

57 

58 

50 

NE.iBeo.l2. 
8E.  i  sec.  12. 

8W.  iaeo.  12. 
NW.i8eo.l2 

rt.  in. 

Lignite  in  welL...       1 

Lignite  in  aban- 
doned prospect 
fall  of  water....  2H 

Lignite  in  weU...       (a) 

Lignite  in  weU...       («) 

60 
62 

SE.  isec.  10 
(strip  pit). 

BE.  I  sec.  0. 

Ft.      M. 

Shale,  gray. 

Lignite 1       10 

Bone 4 

Lignite 2+ 

Baw  of  bed  b»> 
low  water. 

Total  lignite.  3       10+ 
Lignite  in  well...  5 

•  Unknown. 

About  50  feet  above  the  Haynes  bed  is  a  lignite  bed  which  out- 
crops at  the  base  of  a  flat-topped  hiU  in  the  southeastern  part  of  the 
township.  This  bed  is  mined  by  stripping  at  two  places  in  sec.  26 
(locations  65  and  66)  and  was  reported  in  wells  in  sec.  28  Gocation  64) 
and  sec.  26  Gocation  67).  The  section  measured  at  location  66  is 
shown  graphically  on  Plate  XIII  (p.  282) .  Both  pits  were  partly  filled 
with  water  and  only  the  approximate  thickness  could  be  ascertained. 
The  bed  is  probably  5  feet  or  more  in  thickness  in  the  southern  part 
of  the  township.     The  partial  sections  obtained  are  as  foUows: 

Lignite  eectione  on  bed  50  feet  above  the  Haynes  ligniu  bed  in  T.  1S2  N,,  R.  91  W, 

[In  addition  to  section  shown  on  PL  xm.] 


No.  on 

Location. 

Section. 

64 

NE.  isec.  28 

Ft.    in. 
Lignite  In  well (a) 

65 

SW.  i  sec  26  (strip  pit) 

Shale. 

67 

NW.isec26 

Lignite 2 

Shale 3 

Lignite 6 

Base  of  bed  below  water. 

Lignite  In  well («) 

0  Unknown 
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T.  180  v.;  B.  90  W. 

Cedar  Creek  flows  eastward  in  a  wide  valley  throug^i  the  southeni 
portion  of  T.  130  N.,  R.  90  W.,  and  is  joined  in  the  southeasteni 
part  by  Timber  Creek,  its  largest  tributary.  These  valleyB  are  sepa- 
rated from  the  general  upland  level  by  a  series  of  steep  scarps  and 
wide  benches.  That  part  of  the  township  lying  south  of  Cedar 
Creek  was  examined  ^  in  1909  and  is  not  induded  in  the  Cannonball 
River  field.  The  greater  part  of  the  township,  with  the  ezoepticm 
of  the  bluffs  of  Cedar  and  Timber  creeks,  is  grass  covered  and  rock 
exposures  are  few.  The  rocks  in  the  township  belong  to  the  Cannon- 
ball  marine  member  of  the  Lance  formation  and  to  the  Fort  Union 
formation.  Only  the  lower  part  of  the  Fort  Union  is  exposed  in  the 
township  and  these  strata  are  for  the  most  part  yellow  sandstona. 
No  lignite  was  found  or  reported  within  the  township. 

T.  131  H.,  B.  00  W. 

The  principal  topographic  feature  in  T.  131  N.,  R.  90  W.,  is  a 
group  of  high  rugged  buttes  in  its  northern  and  central  parts.  iHs^ 
where  in  the  township  the  coimtry  is  rolling  prairiCi  covered  with  a 
heavy  mantle  of  soil,  and  rock  exposiu'es  are  few.  The  rocks  in  iha 
township  belong  to  the  Cannonball  marine  member  of  the  Lanea 
formation  and  to  the  Fort  Union  and  White  River  formations  wikh 
surficial  deposits  of  late  Tertiary  or  Quaternary  river  gravels.  Ilia 
top  of  the  Cannonball  member  appears  in  the  valleys  of  two  small 
streams  in  the  southern  part  of  the  township.  Fort  Union  rocb 
outcrop  throughout  the  remainder  of  the  area,  except  on  the  tops  of 
the  highest  buttes,  which  are  capped  by  white  marly  limeetone  and 
sandstone  of  White  River  age.  The  deposits  of  river  sand  and 
gravel  are  very  conspicuous  on  the  tops  of  some  of  the  buttee  which 
are  a  little  lower  than  the  base  of  the  White  River. 

The  lignite  beds  are  not  so  weU  exposed  in  this  township  as  in  areas 
to  the  north  and  west.  The  lowest  bed  is  thin,  and  its  presence  is 
shown  only  by  a  smaQ  mound  of  clinker  in  the  SE.  J  sec.  14  and  by 
about  a  foot  of  lignite  in  two  wells  in  the  western  part  of  the  same 
section  Gocations  68  and  69). 

The  next  higher  bed,  which  is  doubtfully  correlated  with  the  Haynes 
lignite  bed,  is  reported  to  have  a  thickness  of  about  6  feet  in  an  old  wA 
in  sec.  8  Gocation  70).  In  sec.  22  (location  71),  at  about  the  same 
horizon,  some  lignite  dust  has  been  brought  to  the  surface  by  badgers. 
In  the  NE.  i  sec.  23  Gocation  72)  2  feet  9  inches  of  lignite  is  exposedi 
but  the  top  of  the  bed  is  eroded  away.  The  same  bed  was  reached  by 
a  well  in  sec.  12  Gocation  73)  and  by  two  wells  in  sec.  4  Gocations  74 

^  Calvert,  W.  R.,  and  others,  Geology  of  the  Standing  Rock  and  Cbeyenne  Rlvir  nidStii 
North  and  South  Dakota:  U.  S.  Oeol.  Survey  Bull.  575,  p.  43, 1914. 
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and  75).  These  data  are  insufficient  for  definite  conclusions,  but  it 
seems  probable  that  the  bed  has  a  thickness  of  3  to  7  feet  under  all 
the  high  land  in  the  northern  part  of  the  township. 

A  higher  bed  of  lignite  was  found  in  a  well  in  sec.  10  Gocation  76), 
where  it  was  reported  to  have  a  thickness  of  3  feet.  In  sec.  2  Goca- 
tion 78),  however,  the  following  section  was  measured: 

Section  at  loeatum  78,  in  (he  8E.  J  8W,  J  f«c.  f ,  T.  ISl  N,,  R,  90  W, 

Shale,  carbonaceous.                                                                      Ft.  in. 

Lignite , 4 

Shale 1  4 

Lignite 1  6 

Shale,  carbonaceous.  

3      2 

At  several  places  in  sees.  10  and  15,  high  up  on  the  sides  of  the 
buttes,  a  considerable  amoimt  of  reddened  clinker  shows  where  this 
lignite  bed  has  been  burned.  The  thickness  of  the  bed  in  this  part 
of  the  township  could  not  be  determined.  At  a  horizon  possibly 
somewhat  lower,  in  the  SW.  i  sec.  12  location  77),  some  prospecting 
has  been  done,  but  the  bed  examined  was  only  a  few  inches  thick. 

T.  182  N.,  B.  90  W. 

The  surface  in  T.  132  N.,  R.  90  W.,  is  for  the  most  part  smoothly 
rolling  prairie  interrupted  by  a  few  high  rounded  hills.  Sheep  Creek, 
which  flows  northeast  toward  Cannonball  River,  drains  the  greater 
part  of  the  township.  The  rocks  are  all  Fort  Union  (Eocene)  in  age 
with  the  exception  of  20  or  30  feet  of  fin^-grained  marly  limestone  of 
White  River  age  (Oligocene)  on  the  top  of  Coffin  Butte  in  sec.  34. 
The  beds  dip  to  the  northeast  at  about  the  same  angle  as  the  slope  of 
the  valley  of  Sheep  Creek. 

The  lowest  bed  of  lignite  in  the  township,  which  is  doubtfully  corre- 
lated with  the  Haynes  bed,  outcrops  in  the  valley  of  Sheep  Creek  not 
far  above  the  water  level.  In  the  central  and  eastern  parts  of  the 
township  the  bed  has  been  mined  by  stripping  at  a  nmnber  of  places 
and  is  also  reported  to  have  been  foimd  in  several  wells.  In  a  number 
of  the  strip  pits  the  bottom  of  the  bed  is  concealed  by  water,  so  that 
in  only  a  few  places  could  the  complete  thickness  be  measured.  The 
miTiimum  thickness  is  probably  in  sec.  1,  where  the  bed  contains  over 
4  feet  of  lignite  (section  81,  PI.  XUI).  The  thickness  increases  to  the 
south  and  southwest.  In  the  SE.  i  sec.  16  location  90)  the  thickness 
is  over  5  feet.  Thicknesses  of  6  feet  or  more  were  reported  at  three 
places.  All  the  data  obtained  concerning  the  bed  in  this  township 
are  given  in  Plate  XIII  (p.  282)  or  in  the  following  table: 

865**— Bull.  641—14 18 
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LiffniU  ieetioru  on  Eaynes  (f)  hedin  T.  ISt  N,,  R.  90  W. 
[In  addition  to  seotknis  ihowii  on  PL  XnL] 


No.  on 
map 

xni). 


79 


80 

82 
83 

84 
85 
86 


IxKsation. 


NE.  (see.  13. 


8E.  isec.  12... 


NE.  i  sec.  14. 


SW.  \  sec.  14 
(strip  pit). 


NE.  i  sec.  26. 
NE.  \  sec.  26. 
SE.isec.  26.. 


Section. 


FL  in. 

Shale. 

Sandstone 3     6 

Lignite 2+ 

Base  of  bed  bo- 
low  water. 

Reported    thick- 
ness  0     6 

Limiteln  welL..        8 
(Horlion  doubt- 
ful.) 

Weathered  Ugnite 
onsurfsoe. 

Clay,  bluish  gray. 

Lignite 3     9+ 

Base  of  bed  under 

water. 

Lignite  in  well..     («) 
Lignite  in  weU...  2+ 
Lignite  in  well...     («) 


i 


No.  on 


87 
88 
90 


91 

92 
98 

94 


NE.i  800.21.. 


8E. 


t.^aee 
sti^pi 


16 


pit). 


SW.  \  see.  10 
(inweU). 


SW.isecM.. 

NE.  i  sec.  11 
(prospeot 
pit). 

SE.i8ec2.... 


FL  is. 
LignftslnwelL..    (•) 

Lignltelnqving.    (•) 

»E3::::;:'^. 

I4Knfte 5    H 

BaMofbednndiBr 
water. 

Ltgntto 4 

Shale 2 

Lignite 4    Si 

Lignite  In  wiO...    (•) 

Lignite 1    H 

Base  of  bed  be- 
low water. 

Shale,  sandy 7-1- 

Lignfte 2  VH- 

Base  of  bed  be- 
low water. 

Reported   thick- 
ness  6 


o  Unknown. 


About  50  feet  above  the  Haynes  lignite  bed  is  another  important 
bed  which  has  been  mined  by  stripping  at  three  places  in  sees.  35  and  27 
but  which  was  not  found  elsewhere  in  the  township.  In  each  of  these 
mines  the  thickness  of  the  bed  is  over  6  feet,  but  a  number  of  parUngs 
of  shale  and  bone  reduce  the  value  to  some  extent.  The  tiburee  seo- 
tions  measured  (sections  95, 96,  and  97)  are  shown  in  Plate XELE. 

A  bed  of  Ugnite  about  100  feet  higher  stratigraphically  is  exposed 
in  an  abandoned  strip  pit  (section  98,  PI.  XIII)  on  the  north  slope  of 
CoflBin  Butte  in  sec.  34.  The  total  thickness  is  4  feet  7  inches,  but  a 
parting  of  shale  1  foot  1 1  inches  thick  makes  the  bed  of  little  value. 

T.  133  If.,  B.  00  W. 

Cannonball  River  flows  eastward  across  the  northern  part  of 
T.  133  N.,  R.  90  W.,  in  a  comparatively  narrow  valley,  which  is  sepa- 
rated from  the  upland  by  a  series  of  steep  bluffs  and  wide  terraces. 
Branch  lines  of  the  Northern  Pacific  and  the  Chicago,  Ihfilwaukee  4 
St.  Paul  railways  cross  the  northwestern  part  of  the  township. 
Odessa,  in  sec.  5,  is  located  on  the  Northern  Pacific,  and  New  Leipzig, 
in  sec.  35  of  the  township  to  the  north,  is  a  connecting  point  for  the 
two  roads.  The  strata  throughout  the  township  belong  to  the  Fort 
Union  formation,  the  lower  sandstones  of  which  are  well  exposed  in 
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the  bluflfs  of  Cannonball  River  and  of  a  creek  which  flows  northward 
in  the  eastern  part  of  the  township.  Back  from  these  streams,  how- 
ever,  exposures  are  poor  and  the  correlation  of  beds  is  difficult.  The 
general  dip  of  the  strata  to  the  northeast  is  a  Uttle  more  pronounced 
in  this  township  than  in  areas  to  the  south  and  west. 

The  lowest  bed  of  lignite  outcrops  in  the  river  bluflfs  in  the  eastern 
part  of  the  township  but  is  of  Uttle  importance.  It  was  measured 
at  locations  101  and  100,  in  sees.  12  and  14,  respectively,  and  is  1 
foot  8  inches  in  thickness  at  both  places.  Another  bed  of  lignite  1 
foot  4  inches  in  thickness  is  exposed  in  a  shallow  well  in  the  NE.  { 
sec.  32  (location  99). 

About  30  feet  above  the  bed  at  locations  100  and  101  is  an  impor- 
tant bed  of  lignite,  which  has  been  mined  by  stripping  at  several 
places  in  the  river  bluflfs,  in  sees.  9,  10,  and  13,  where  the  thickness 
ranges  from  3  feet  9  inches  to  7  feet  6  inches.  (See  sections  107, 108, 
109,  and  111,  PL  XIII,  p.  282.)  The  section  at  location  110  is  as 
follows: 

Section  ofligniU  bed  at  location  110,  in  the  SE.  \  sec.  10,  T.  ISS  N.,  R.  90  W. 

Ft.  In. 

Shale,  sandy 10 

Lignite 3  6 

Bone } 

Lignite 8 

Bone 1 

Lignite 1  6 

Shale 6* 

21    8} 

Farther  east,  in  sec.  11,  the  bed  is  much  thinner.  (See  sections  106 
and  1 12,  PL  XIII.)  This  bed  is  probably  at  a  somewhat  lower  horizon 
than  the  Haynes  Ugnite  bed.  In  the  bluflfs  of  a  small  steep-sided 
valley  in  the  southeastern  part  of  the  township  a  lignite  bed,  probably 
the  Haynes  bed,  is  well  exposed  and  is  from  3  feet  10  inches  to  4  feet 
9  inches  thick.  (See  sections  102,  103, 104,  and  105,  p.  36..)  In  sec. 
22,  however,  two  wells,  one  in  the  SE.  \  and  the  other  in  the  SW.  \ 
Oocation  113),  pass  through  the  horizon  of  this  bed,  but  are  reported 
to  have  passed  through  no  lignite.  In  a  well  in  sec.  28  (location 
114)  a  thickness  of  2  feet  was  reported. 

A  bed  exposed  at  a  small  strip  pit  in  sec.  32  (location  115)  is  at 
least  3  feet  9  inches  thick,  but  the  base  of  the  bed  is  concealed  by 
water  in  the  bottom  of  the  pit.  This  bed  is  correlated  with  the  bed 
described  above  because  of  the  accordance  in  altitude,  but  this  evi- 
dence is  not  at  all  conclusive. 
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Liffniu ieetiom  on  Haifnet  (f)  Kgniu  bedinT.lSS  N.^  R.  90  W. 


No.  on 
map 

xni). 


102 


103 


104 


LocatioD. 


NW.  i  sec.  3S 
(strip  pit). 


8E.  i  sec.  23.. 


SE.  i  sec.  26 
(stnp  pit). 


Section. 


Ft.  in. 

Shale 5+ 

Lignlte 10 

Bone 1 

Lignite 3     0+ 

Base  of  bed  oon- 
cealed  below 
water. 

Shale,  sandy....  10+ 

Shale,  carbona- 
ceous     1     4 

Lignite 8     5 

Shale 1 

Lignite 4 

Shale. 

Shale,  brown. 

Lignite 4     9+ 

Base  of  bed  be* 

low  water. 


No. 


XTTf). 


lOB 
113 


114 
115 


ii 


8W.I 
8W.I 


8W.J 


BW.  f  ■ 
(stnp  pit). 


Lignite IninlL.  3   6 
Well    pining 

tilfWlgtl  Hjmtta 

taoriMD.    Bed 
r^xuted  to  be 


Lignite  In  wilL.  3 


Lignite 3    H 

Base  of  bed  be- 
low water. 


About  100  feet  higher  than  the  Haynes(?)  bed  is  another  bed  of 
lignite  which  outcrops  near  the  tops  of  the  high  buttes  in  sec.  21 
Gocation  116)  and  in  sec.  36|  where  it  has  been  burned  extensivelj. 
No  exposures  of  the  bed,  however,  could  be  found  in  this  township. 
The  horizon  of  the  bed  is  below  the  tops  of  the  group  of  high  buttes 
in  sees.  22  and  27,  but  as  no  evidence  of  the  bed  could  be  found 
there  the  conclusion  was  reached  that  it  is  either  very  thin  or  absoit 

T.  130  N.,  B.  80  W. 

Cedar  Creek  flows  eastward  across  the  southern  part  of  T.  130  N., 
R.  89  W.,  and  forms  the  southern  boundary  of  the  Cannonball  River 
field.  The  valley  is  generally  wide  and  open  and  is  bordered  in  only  a 
few  places  by  vertical  bluffs.  North  of  the  stream  the  surface  rises 
gradually  to  the  moderately  rolling  prairie  land  characteristic  of  the 
northern  part  of  the  township.  The  rocks  that  outcrop  in  the  town- 
ship belong  to  the  lower  part  of  the  Lance  formation,  the  Cannonball 
marine  member  of  the  Lance,  and  to  the  Fort  Union  formation.  The 
Lance  formation  outcrops  in  the  valley  of  Cedar  Creek,  where  it  is 
fairly  well  exposed  in  a  few  of  the  steeper  bluffs.  The  Fort  Union 
underlies  the  northern  portion  of  the  township,  but  is  for  the  most 
part  concealed  by  a  heavy  mantle  of  soil.  With  the  exception  of  a 
thin  bed  near  the  top  of  the  lower  part  of  the  Lance,  no  lignite  was 
found  or  reported  within  the  township. 

T.  131  N.,  B.  80  W. 

The  surface  of  T.  131  N.,  R.  89  W.,  is  for  the  most  part  rolling 
upland  prairie,  interrupted  by  numerous  small  rounded  buttes  and 
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a  few  high  rocky  buttes.  The  most  conspicuous  feature  is  Pretty 
Rock  Butte,  which  is  a  prominent  landmark  for  all  the  surrounding 
r^on.  The  rocks  belong  to  the  Fort  Union  formation,  with  the 
exception  of  two  small  areas  in  the  southwestern  part  of  the  township, 
where  the  streams  have  cut  through  to  the  top  of  the  Cannonball 
marine  member  of  the  Lance  formation.  The  rocks  are  for  the  most 
part  concealed  by  the  heavy  mantle  of  soil,  but  the  upper  beds  are 
well  exposed  on  the  south  face  of  Pretty  Rock  Butte.  The  general 
dip  of  the  strata  in  this  part  of  the  field  is  toward  the  northwest. 

Two  beds  of  lignite  outcrop  on  the  sides  of  Pretty  Rock  Butte,  the 
lower  of  which  is  probably  the  Haynes  bed.  This  bed  also  underUes 
a  number  of  low  hills  to  the  north  and  northwest.  It  has  a  thickness 
of  4  feet  2  inches  on  the  south  side  of  Pretty  Rock  Butte  (section  120, 
Fl.  XIII),  and  is  probably  oyer  2^  feet  thick  throughout  the  township. 
The  upper  bed  was  examined  at  only  one  place  in  the  NW.  i  sec.  34 
(section  122,  PI.  XTTt),  where  it  is  2  feet  5  inches  thick. 

Liffniu  tectioni  an  the  Hafpu$  (f)  ligniubedin  T.  ISl  N.,  R.  89  W. 


[In  addttkn  to  nctko 

■  liiavn 

OD  PL  xm.] 

Mo.00 
up 

zm). 

LocBtkn. 

SaetkHL 

No.  on 

rm). 

Location. 

SectfoQ. 

117 
U8 

SW.iaecO.... 

Lisnlto  In  wbU 1    6 

Lignite  in  wen 5 

121 

NW.iMc84.. 

ShiOe. 
Lignite,   much 

weathered 1  10 

Shale. 

T.  182  H.,  B.  89  W. 

The  surface  of  T.  132  N.,  R.  89  W.  is  for  the  most  part  rolling  upland 
prairie  which  is  dissected  by  a  few  steep-sided  valleys  and  is  sur- 
mounted in  the  northwestern  part  by  a  group  of  rocky  hills.  The 
rocks  in  the  township  belong  to  the  Cannonball  marine  member  of  the 
Lance  formation  and  to  the  Fort  Union  formation.  The  sandy  shale 
of  the  Cannonball  member  outcrops  in  the  narrow  valleys  in  the 
eastern  part  of  the  township,  but  the  Fort  Union  rocks  are  largely 
concealed  by  the  heavy  mantle  of  soil. 

A  bed  of  lignite,  correlated  with  the  Haynes  bed,  imderUes  the  high 
buttes  in  the  northwestern  part  of  the  township  and  has  been  mined 
or  prospected  at  several  places.  The  greatest  known  thickness  in  the 
township,  4  feet  7  inches,  is  foimd  in  a  strip  pit  in  sec.  19  (section 
123,  PI.  Xni).  Evidence  as  to  the  thickness  of  this  bed  in  other 
parts  of  the  township  is  very  unsatisfactory,  but  indicates  that  there 
is  little  variation.  Two  of  the  sections  measured  in  the  township 
(sections  123  and  128)  are  shown  grapliically  in  Plato  XIII.  The 
other  data  concerning  the  bed  are  as  follows: 
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Ligniu  uctiom  on  Hajfiut  (f)  ligniuhedin  T.  ISt  N.,  R.  89  W, 
[In  addition  to  aectkna  ihown  on  PL  XIIL] 


No.  on 
map 

XtU). 

Location. 

Soetlon. 

No.  on 

xm). 

Loeatifln. 

Section. 

124 
136 
136 

NW.iBec.20.. 

NWtjBec.  10 
(project  pit). 

FL*n, 

LisnitoinweU 8   • 

LignltoinweU (a) 

Lignito  (reported)...  Z± 

i» 

190 

8W.iaeo.4.... 
8W.  i  HO.  4 
(pnapoetpU). 

Art. 

Llsnita  in  mSl %± 

Llgnlta nndflrwattf  (•) 

a  Unknown. 

At  the  north  end  of  the  ridge,  about  100  feet  north  of  the  township 
line,  in  the  SE.  i  sec.  36,  T.  133  N.,  R.  89  W.  (location  127),  is  a  pros- 
pect pit  in  which  1  foot  8  inches  of  weathered  lignite  and  ash  is  ex- 
posed. This  may  also  be  the  Haynes  bed,  but  the  section  is  probaUy 
not  complete. 

T.  188  Hf.,  B.  89  W. 

Cannonball  River  flows  eastward  across  the  northern  part  of  T. 
133  N.,  R.  89  W.,  in  a  comparatively  narrow  valley  which  is  separated 
from  the  upland  prairie  on  either  side  by  a  series  of  steep  bluffs  and 
wide  terraces.  Except  near  the  river  valley,  the  surface  is  moder- 
ately rolling  prairie  interrupted  by  a  few  rocky  buttes.  In  the  soutk- 
westem  part  of  the  township  is  an  especially  prominent  group  of  Iiigh 
hills.  The  rocks  that  outcrop  in  the  townsdiip  belong  to  the  Cannoo- 
ball  marine  member  of  the  Lance  formation  and  to  the  Fort  Union 
formation.  The  sandy  shale  of  the  upper  part  of  the  CannonbaU 
member  and  the  yellow  and  white  sandstone  of  the  lower  part  of  the 
Fort  Union  formation  are  well  exposed  along  the  bluffs  of  Cannonball 
River  and  Sheep  Creek,  but  in  other  parts  of  the  township  the  expo- 
sures are  few.  A  good  section  of  the  Fort  Union  strata  exposed  in 
sec.  5  Gocation  136)  has  been  examined  and  described  by  A.  G. 
Leonard.^     The  section  exposed  at  this  place  is  as  follows: 

Section  of  Fort  Union  formation  in  the  NE.  J  sec.  5,  T.  133  jV.,  R.  89  W. 

[See  also  section  136  on  Pi.  XUI.] 

Ft.    in. 

Shale,  gray,  yellow,  and  brown 40 

Lignite  (Haynes  bed) 3  10 

Shale,  gray 4  4 

Lignite 11 

Shale,  gray 18  6 

Lignite 1  11 

Shale 1  2 

Lignite 2  3 

Shale,  light  gray,  sandy 8  7 

Lignite 1  6 

Sandstone,  light  gray  and  yellow 75 

Water  level.  


158 


1  Leonard,  A.  G.,  The  Cretaceous  and  Tertiary  formations  of  western  North  Dakota  and 
tana:  Jour.  Geology,  vol.  19,  p.  619, 1911. 


OANNONBALL  BIVEB  LIONITB  FIELD,  N.  DAK.  279 

The  lowest  bed  of  lignite  in  the  above  section  corresponds  with  the 
lowest  bed  exposed  in  the  river  bluff  in  the  SW.  i  sec.  7  (location  131), 
where  the  section  is  as  follows: 

Section  of  Fort  Union  formation  inSW.i  iec,  7,  T.  133  N.,  R.  89  W. 

Ft.   In. 

Sandstone,  grayi  unconsolidated 5+ 

Bone 4 

Shale,  brown 4 

Lignite , 4 

Shale,  brown 2 

Lignite 2 

Shale,  gray  to  light  brown 1       2 

Lignite 2 

Shale,  gray,  sandy 4       6 

Lignite 1        2 

Sandstone,  gray,  unconsolidated 5+ 

"l8       4 

The  uppermost  bed  of  lignite  in  the  first  section  above  is  corre- 
lated witii  the  Haynes  bed  and  with  the  bed  which  is  being  mined  at 
two  places  in  sec.  6  (sections  134  and  135,  PL  XIII).  The  same 
bed  was  examined  in  the  NW.  \  sec.  8  (section  133,  PI.  XIII)  and  in 
lot  2,  sec.  1  (section  137,  PI.  XUI).  The  average  thickness  in  this 
part  of  the  township  \b  about  4  feet.  On  the  south  side  of  the  river 
this  bed  is  very  poorly  exposed,  but  in  an  abandoned  mine  in  sec.  20 
(section  132,  PI.  XUI)  it  has  a  thickness  of  6  feet  7  inches. 

Another  bed  outcrops  high  up  on  the  sides  of  the  hills  in  the  south- 
western part  of  the  township,  where  it  has  been  extensively  burned. 
A  single  measurement  was  obtained  on  this  bed  in  section  32  (section 
138,  PI.  XIII),  where  it  has  a  total  thickness  of  7  feet  8  inches  with 
an  8-inch  parting  of  sandstone  2  feet  from  the  top. 

T.  129  If.,  B.  88  W. 

Only  the  small  part  of  T.  129  N.,  R.  88  W.,  which  Ues  north  of  Cedar 
Creek,  is  included  in  this  field.  The  rocks  that  outcrop  in  this  part 
of  the  township  belong  to  the  lower  part  of  the  Lance  formation  and 
are  fairly  weU  exposed  in  the  creek  bluffs  and  in  a  few  steep  slopes. 

A  group  of  thin  beds  of  lignite  outcrops  in  the  bluffs  of  the  creek 
and  the  smaller  tributary  streams.  Two  measurements  of  the 
thickest  bed  have  been  made  in  this  township  on  the  north  side  of 
Cedar  Creek,  one  at  the  McCord  mine  in  sec.  5  Qocation  139),  where 
the  thickness  is  2  feet  2  inches,  and  the  other  in  sec.  3  (section  140, 
PL  XTTT),  where  the  thickness  is  2  feet  10^  inches  with  a  half-inch 
parting  of  shale  1  foot  from  the  top.  Measurements  made  south  of 
Cedar  Creek  show  that  the  bed  is  very  lenticular  in  character.  Chem- 
ical analyses  were  made  of  three  samples  obtained  by  A.  L.  Beekly  in 
1909  from  the  McCord  mine  and  from  two  strippings  on  the  south  side 
of  Cedar  Creek.    The  results  of  these  analyses  are  given  on  page  256. 
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T.  180  K.,  B.  88  W. 

The  surface  in  T.  130  N.,  R.  88  W.,  is  iiregularly  brokeoa,  rising  from 
the  level  of  Cedar  Creek  on  the  south  to  the  upland  prairie  in  the  north- 
western part.  The  rocks  in  the  township  belong  to  the  lower  part  of 
the  Lance  f  ormation,  to  the  Cannonball  member  of  the  Lance,  and  to 
the  Fort  Union  formation.  The  Lance  formation,  is  fairly  well  ex- 
posed in  the  bluffs  of  Cedar  Creek  and  some  of  its  large  tributaries,  but 
elsewhere  in  the  township  exposures  are  few.  A  group  of  thin  beds 
of  lignite  occurs  near  the  top  of  the  lower  part  of  the  Lance,  the 
thickest  of  which  has  been  mined  by  stripping  at  several  localities 
in  sec.  35.  At  all  of  the  places  examined  the  bed  is  less  than  2}  feet 
in  thickness.  Two  of  the  sections  measured  (sections  142  and  143)  are 
shown  graphically  on  Plate  XIII  (p.  282) .  The  third,  at  location  141, 
is  as  follows: 

Section  of  ligniU  bed  in  the  lower  part  of  ihs  LanM  farmaJtion  at  looaJtUm  W,  NW.  { 

iec,  SO,  T.  ISO  K,  R.  8S  W. 

Shale.  Ft  IB. 

Lignite 1    6 

Shale 1 

Lignite I 

Shale,  brown.  

2   4 
T.  131  If.,  B.  88  W. 

The  surface  of  T.  131  N.,  R.  88  W.,  is  a  rolling  upland  interrupted 
by  the  steep-sided  valleys  of  Snake  Creek  and  its  tributaries.  The 
rocks  belong  to  the  Cannonball  marine  member  of  the  Lance  formatioii 
and  to  the  lower  part  of  the  Fort  Union  formation,  but  the  surface  is 
covered  with  a  heavy  mantle  of  soil  and  exposures  are  very  few.  No 
lignite  was  found  in  this  township  nor  does  lignite  appear  anywhere 
in  the  Cannonball  River  field  in  this  part  of  the  stratigraphic  section. 

T.  132  N.,  B.  88  W. 

Cannonball  River  flows  eastward  across  the  northern  part  of  T.  132 
N.,  R.  88  W.  The  valley  is  bordered  on  the  north  and  south  by  a 
series  of  steep  slopes  separated  by  wide  benches.  The  rocks  belong 
to  the  Cannonball  marine  member  of  the  Lance  formation  and  to  the 
Fort  Union  formation.  Almost  the  whole  thickness  of  the  Cannon- 
ball  member  is  exposed  within  the  township,  and  these  strata  are  typi- 
cally shown  in  the  steep  bluflfs  along  the  river.  Elsewhere  in  tfie 
township,  however,  exposures  are  few.  No  lignite  was  found  within 
the  township  nor  is  any  known  at  this  part  of  the  stratigraphic  sec- 
tion in  the  Cannonball  River  field. 

T.  133  N.,  B.  88  W. 

Cannonball  River  flows  southeastward  across  the  southern  part  of 
T.  133  N.,  R.  88  W.,  in  a  comparatively  narrow  valley.  The  slopes 
on  the  south  side  of  the  valley  are  much  more  abrupt  than  those  on  the 
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north,  the  northern  part  of  the  township  being  a  rolling  upland.  The 
Cannonball  branch  of  the  Chicago,  Ifilwaukee  &  St.  Paul  Railway 
crosses  the  northeastern  part  of  the  township.  The  rocks  belong  to  the 
Cannonball  marine  member  of  the  Lance  formation  and  to  the  Fort 
Union  formation.  The  Cannonball  member  is  well  exposed  in  the 
bluffs  of  Cannonball  River,  but  the  Fort  Union  strata  which  under- 
lie the  upland  areas  are  very  poorly  exposed. 

About  100  feet  above  the  base  of  the  Fort  Union  is  a  bed  of  lignite, 
believed  to  be  the  Haynes  bed,  which  is  mined  in  a  shaft  mine  in  section 
12  and  in  several  strip  pits  in  other  parts  of  the  township.  The  bed 
ranges  in  thickness  from  2  feet  in  sec.  6  Gocation  145)  to  8  feet  6 
inches  in  sec.  12  (section  152,  PL  XIII).  It  is  possible,  however,  that 
the  measurement  at  location  145  is  of  another  bed,  as  neai'-by  meas- 
urements in  section  6  Gocations  144  and  146)  show  thicknesses  of  3 
feet  9  inches  and  3  feet  7  inches,  respectively. 

The  presence  of  a  second  bed  of  lignite  somewhat  higher  in  the  sec- 
tion is  indicated  by  weathered  lignite  (bloom)  in  the  soil  at  location 
167  in  the  SE.  i  sec.  11. 

A  chemical  analysis  was  made  of  a  sample  collected  from  the  Jones 
mine  in  sec.  1?  Gocation  152),  the  results  of  which  are  given  on 
page  256.  The  data  concerning  the  Haynes  ( ?)  lignite  bed,  in  addition 
to  the  graphic  sections  given  on  Plate  XTTT,  are  as  follows  : 

Ligniu  sectioni  on  Eayna  (f)  ligniu  htdinT,  ISS  N.,  R,  88  W. 
(In  addition  to  leotlons  ihown  on  PL  Xm.] 


Mo.  on 

No.  on 

xtn). 

Location. 

Section. 

map 

xm). 

Location. 

Section. 

Ft.  in. 

Ft.  ta. 

145 

NW.  i  sec  6. . 

Rhfile. 
Lignite,     much  2 

149 

NW.i8ec,9.. 

Lignite  in  well....  2± 

weathered. 

153 

NE.  i  sec.  1 

Lignite  reported..  7 

Clay,  landy. 

(prospect 
pit). 

\4A 

N  W.  \  sec.  5. . . 

Shale,  gray 8+ 

Shale,   carbon-        2 
aoeoua. 

- 

154 

SW.  J  sec.  2 
(strip  pit). 

Clay,  gray, 
lignite 4+ 

Lignite 3     1\ 

Base  of  bed  below 

Shale,    brown, 

water. 

sandy. 

155 

NW.  I  sec  2. . 

Lignite  in  weU....  1    0± 

147 

NW.isec.5.. 

Lignite  In  weU....      (a) 

156 

Lot2,  sec.  4... 

Lignite  in  weU....  8   6± 

148 

8W.i8eo.5... 

Lignite  In  well....      (a) 

a  Unknown. 
T.  180  N.,  B.  87  W. 

The  surface  of  T.  130  N.,  R.  87  W.,  slopes  gradually  but  irregularly 
from  the  upland  prairie  in  the  north  to  the  valley  of  Cedar  Creek, 
wiiidi  flows  eastward  near  the  south  township  line.  The  rocks  in  the 
township  belong  to  the  lower  part  of  the  Lance  formation  and  to  the 
Cannonball  marine  member  of  the  Lance.    The  brown  ak«i<^  «sA  ^«2^ 
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sandstone;  at  tho  top  of  the  lower  part  of  the  Lance  are  exposed  in 
local  badlands  in  tlic  southern  portion  of  the  township,  but  ttie 
greater  part  of  the  area  is  covered  with  a  heayj  mantle  of  soil,  and 
exposures  are  scarce. 

A  few  thin  lenticular  beds  of  lignite  appear  near  the  top  of  the 
lower  part  of  the  Lance,  the  most  important  of  which  is  2  feet  8  incheB 
tliick  in  sec.  13  (section  160,  PL  XIII).  At  this  place  a  consideraUe 
amount  of  lignite  has  been  mined  by  stripping.  Measurements  of  a 
bed  wliich  is  presumably  the  same  were  made  at  two  other  places  in 
tho  township.     The  sections  obtained  at  these  places  are  as  follom: 

Lignite  sections  in  lower  peart  of  Lance  formation^  T.  ISO  N.,  R,87  If. 

[In  addition  to  sections  shown  on  PL  Xm.] 


No. 

on 

map 

xni). 

Ixx^tlon. 

1 
Section. 

1    No. 
,    on 
map 

(PL 
Xlll). 

i 

Location. 

BeottcB. 
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1                                             ''■ 
SE.  i see.  10...- Sandstone,  yellow  Fi.in.  \.      150    NE.i8ee.84.. 

1         to  brown 3    10  i,             ' 

Slttto,™y.              Jl«^ 
lAgDiXm I  ■ 

Lignite 10  i 

Shale,  brown 6     6 

Sandstone,  gray 1     0 

Lignite 7 

Shale,  brown Ol 

Sandstone,   gray,             1 
shaly 4        i 

Lignite 6 

Sandstone  and  shale  12        i 

1 

Bone 1 

Shale,  gny. 

T.  131  N.,  B.  87  W. 

The  surface  of  T.  131  N.,  R.  87  W.,  is  a  gently  rollmg  upland 
prairie  wliich  has  been  deeply  dissected  by  Snake  Creek  and  oihar 
streams.  The  outcropping  rocks  belong  to  the  lower  part  of  the 
Lance  formation;  the  Cannonball  marine  member  of  the  Lance,  and 
the  Fort  Union  formation,  but  the  strata  are  not  well  exposed  on 
account  of  the  heavy  mantle  of  soil.  No  Ugnite  has  been  found 
within  the  townsliip. 

T.  132  N.,  B.  87  W. 

Cannonball  River  flows  southeast  across  the  southern  part  of  T. 
132  N.,  R.  87  W.,  in  a  comparatively  steep-sided  valley.  The  blufb  of 
the  river  are  higher  and  the  strata  better  exposed  in  this  townsb^ 
than  in  any  other  part  of  the  field.  Tho  comparatively  small  ana 
which  lies  south  of  tho  river  is  deeply  dissected  by  small  coulees,  but 
in  tlie  northern  part  of  the  township  are  considerable  areas  of  land 
sufiiciently  level  to  be  cultivated.  In  the  north-central  part  is  a 
liigli  level-topped  mesa  with  deeply  dissected  borders,  an  outlyipg 
remnant  of  the  extensive  uplands  which  extend  from  the  north  into 
sees.  2,  3,  and  11. 


i 
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The  rocks  that  outcrop  in  the  township  belong  to  the  lower  part 
>f  the  Lance  formation,  the  Cannonball  marine  member  of  the  Lance, 
ind  the  Fort  Union  formation.  The  upper  beds  of  the  lower  part  of 
^e  Lance  are  well  exposed  in  the  river  bluffs  in  the  southeastern  part 
rf  the  township.  They  disappear  below  the  river  bed  less  than  a 
nile  east  of  Janesburg  post  o£5.ce,  which  is  located  in  sec.  18. 
^o  definite  line,  however,  can  be  drawn  between  these  beds  and  those 
rf  the  Cannonball  marine  member  which  o  verUes  them.  The  Cannon- 
)all  member  outcrops  over  the  greater  part  of  the  township  and  is 
)verlain  in  turn  by  the  lower  sandstone  of  the  Fort  Union,  which 
japs  the  high  upland  areas  in  the  northeastern  and  southwestern 
>arts  of  the  township. 

Lignite  within  the  township  occurs  only  in  beds  less  than  2  feet  6 
nches  thick  in  the  lower  part  of  the  Lance.  It  is  mined,  however, 
>y  stripping  at  a  number  of  places  for  local  use.  The  following  table 
ncludes  all  the  measurements  that  have  been  made  within  the  town- 
ship: 

1*  of  lignite  beds  in  lower  part  of  Lance  formation  in  T.  ISt  N.y  R,  87  W. 


No. 
in  map 

<PL 
XIU). 

Location. 

Section. 

No. 
on  map 

xm). 

Location. 

Section. 

161 
162 

SE.  i  sec.  20 
(prospect  in 
river  blufl). 

SE.  \  sec.  35 
(oatcrqp  in 
river  bluil). 

SE.  i  sec.  35 
(prospect  in 
river  Diufl). 

Shale.                    Ft.  in. 

Lignite 1      6 

Shale. 

Shale,  gray. 

Lignite 1     0 

Shale,  brown 2 

flhftlo   irrftv                  — 

164 
165 

166 

SW.  i  sec.  36 
(oa&rop  in 
river  bluff). 

SW.  i  sec.  36 
(prospect  in 
river  Dlufl). 

NW.  J  sec.  26 
(prospect). 

Sandstone,  gray.    Ft.  in. 

Lignite 1     4 

Shale,  bro¥m. 

Shale,  gray. 

Lignite 2     1 

Shale,  brown 2 

163 

1     11 

Shale,  bluish  gray. 
Shale,  blue,  flwtile  .         5 
Lignite 2     2 

2     3 

Shale,  gray. 

Lignfte.. 1     3 

Shale,  brown 3 

RVinIn    trmv                    

2     7 

1        6 

T.  134  N.,  B.  88  W. 

The  surface  of  T.  134  N.,  R.  88  W.,  is  chiefly  of  the  rolling-prairie 
type  of  topography  characteristic  of  a  large  part  of  the  Cannonball 
River  field.  The  reUef  is  most  pronounced  in  the  southeastern  part, 
where  there  are  a  number  of  moderately  high  elongated  buttes.  The 
western  part  of  the  township  is  also  higher  and  somewhat  more  broken 
than  the  central  and  northeastern  parts.  In  the  northern  portion 
the  surface  slopes  gently  toward  Antelope  Creek,  which  flows  east- 
ward, meandering  withm  a  stream  flat  which  is  from  one-fourth  to 
one-half  mile  wide  and  is  bordered  by  low  bluffs.  Probably  nine- 
tenths  of  the  land  in  the  township  could  be  cultivated.  The  township 
is  crossed  by  branches  of  the  Northern  Pacific  and  the  Chicago, 
Milwaukee  &  St.  Paul  railways. 
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All  the  rocks  that  outcrop  in  the  township  belong  to  the  Fort 
Union  formation.  The  strata,  however,  are  for  the  most  part  con- 
cealed by  a  heavy  mantle  of  soil. 

Lignite  has  been  found  at  a  number  of  places,  both  at  the  outcrop 
and  in  wells.  In  several  places  the  lignite  is  mined  from  strip  pits 
for  local  use.  Coirelations  on  the  basis  of  the  carefully  determhied 
elevations  of  aU  exposures  indicate  that  there  are  three  beds  of  lignite. 
Of  these  the  lowest  is  the  thinnest  and  least  important,  although  it  is 
being  mined  at  two  places,  one  on  Antelope  Creek  in  sec.  5  Goca- 
tion  169)  and  the  other  on  a  brandi  of  that  stream  in  sec.  9  Gocation 
167).    The  sections  exposed  at  these  places  are  as  follows: 

Lignite  sections  on  lowest  coal  bed  in  T,  1S4  N,^  R.  88  W. 


No. 
on  map 

XIV). 


107 


LocatiozL 


SW.  I  aec.  9 
(small  strip 
pit). 


Section. 


Shale,  light  brown 
at  top,  more  car- 
bonaceous and 
darker       below,  FT.  in. 

foBsUiferoos 4   0 

Bone 1 

Lignite,  bony....        2 
Lignite,    brown. 
With  bright 
black    streaks, 

good 1    2 

Shale,  carbonaoeoos        1 
Shale,  sandy 2   2 

Total  lignite..    1    4 


No. 
on  map 

XIV). 


leo 


Looatkm. 


SE.  i  sec.  6 
(small  strip 
pit). 


Shale,  dark  blue, 

carbooaoeoos  ac 

base,    fossiiiiBr-  Jtia. 

oos 6  6 

Shale,  sandy 1 

Lignite,     goody 

woody  iaxtare..     2  t 
<3ay  shale.  . 

TotalUgnlta.     2  t 


The  bed  is  also  reported  to  have  been  found  in  a  well  in  the  SE.  \ 
sec.  8  Gocation  168),  where  it  has  a  thickness  of  2  feet. 

The  second  or  middle  of  the  three  lignite  beds  is  the  most  important 
and  is  probably  the  Haynes  lignite  bed.  Locally  it  has  been  burned 
at  the  outcrop,  causing  a  baking  and  reddening  of  the  overlying  shale, 
as,  for  example,  near  the  center  of  sec.  36,  where  there  is  a  small 
knoU  of  brick-red  clinker.  At  three  places  in  the  township  the  bed 
is  mined  for  local  use;  in  the  NW.  \  sec.  34  Qocation  171) ;  on  a  branch 
of  Antelope  Creek  in  the  NE.  \  sec.  19  (section  176,  PL  XTV,  p.  290); 
and  in  the  SW.  \  sec.  8  (section  178,  PI.  XIV) .  The  bed  is  also  exposed 
in  several  wells.  In  the  southeastern  corner  of  the  township  the  bed 
is  7  or  8  feet  thick.  Farther  northwest  it  is  thinner,  being  only  2  feet 
6  inches  at  location  176  in  sec.  19.  Still  farther  north  it  becomes 
thicker  and  averages  between  4  J  and  5  feet  in  the  northwest  comer 
of  the  township.  All  the  evidence  regarding  the  thickness  of  the  bed 
is  shown  on  Plate  XIV  or  in  the  following  table: 
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Ligniu $ectUm$  on  Haynu  (J)  ligniu  bedxn  T.  134  N.,  R,  88  W, 

[In  addttioo  to  those  shown  on  PI.  XIV.] 


Ko.on 
Biap 


170 

in 


172 


LocstkKL 


SB*  f  sto«36«*< 

NW.  iseo.34 
itify  pit). 


BE.  i  860.  21.. 


Ssotion. 


Ft.  M. 
Lignite ineistern..   6 

Sandstone,  ▼  e  1  - 
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a  Thickness  and  relationa  not  determined. 

This  bed  is  being  successfully  mined  in  the  Jones  mine  in  sec.  12, 
T.  133  N.,  R.  88  W.,  and  in  the  Kolbank  mine  in  sec.  7,  T.  133  N., 
K-  87  W. 

The  uppermost  lignite  bed  is  stratigraphically  about  50  feet  higher 
tiian  the  preceding.  It  is  exposed  on  the  ridge  south  of  Heil  in  the 
KE.  i  sec.  35  (section  179,  PI.  XIV),  where  the  total  thickness  is  4 
feet  10  inches  including  a  1-inch  parting  of  bone.  Half  a  mile  south- 
west on  the  next  ridge  Gocation  180)  there  is  evidence  of  weathered 
lignite  or  ''blossom"  in  the  soil  at  about  the  same  stratigraphic 
horizon.  The  bed  is  apparently  entirely  concealed  from  this  point 
northwestward  to  the  SW.  J  sec.  20  Qocation  181)  where  there  is  a 
large  mound  of  reddened  clinker  formed  by  the  burning  of  the  bed. 
Near  a  branch  of  Antelope  Creek  in  sec.  19  location  182)  the  total 
thickness  of  the  bed,  inclusive  of  two  partings,  is  4  feet  1 1  inches.  The 
section  of  the  bed  exposed  at  this  place  is  shown  graphically  on  Plate 
XIV  (p.  290). 

T.  185  N.,  B.  88  W. 

The  surface  of  T.  135  N.,  R.  88  W.,  is  a  smoothly  rolling  prairie, 
broken  here  and  there  by  rocky  buttes  which  are  capped  with  resist- 
ant sandstone.  A  high  rounded  ridge  extends  into  the  western  part 
of  the  township  and  from  it  the  surface  slopes  gradually  downward 
to  the  northeast  and  to  the  south.  The  area  is  drained  by  small 
streams,  some  of  which  flow  north  to  Heart  River  and  others  east  or 
gouth  to  Antelope  Creek,  which  crosses  the  southwestern  comer  of  the 
township. 
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All  strata  that  outcrop  in  the  township  belong  to  the  Fort  Union 
formation.  The  surface  mantle  of  soil  is  so  nearly  continuous,  how- 
ever, that  the  underlying  rocks  are  exposed  only  locally  in  the  more 
prominent  buttes  and  in  the  deeply  cut  stream  channels. 

Lignite  is  being  mined  at  the  two  Tipke  mines  in  sec.  7  Gocations 
184  and  185),  but  elsewhere  in  the  township,  with  the  exception  of  a 
small  mound  of  clinker  in  the  NW.  i  sec.  32,  surface  indications  of 
lignite  seem  to  be  entirely  lacking.  In  sec.  36,  T.  135  N.,  R.  89  W., 
several  small  strip  pits  have  been  opened  on  the  banks  of  Antelope 
Creek,  at  one  of  which  Gocation  183)  a  section  was  measured  and  is 
shown  graphically  on  Plate  XIV.  The  total  amount  of  coal  is  4 
feet  8  inches,  but  a  parting  of  shale  1  foot  1  inch  in  thickness  separates 
the  bed  into  two  parts.  The  clinker  in  sec.  32,  T.  135  N.,  K.  88  W., 
is  probably  caused  by  the  burning  of  this  bed. 

The  two  mines  in  sec.  7  are  located  on  two  beds  which  are  separated 
by  a  stratigraphic  interval  of  about  30  feet.  The  lower  bed  is 
exposed  in  the  northern  mine  Gocation  184),  where  the  thickness  is 
approximately  3  feet,  but  the  bottom  of  the  pit  was  filled  with  water 
and  an  accurate  measurement  could  not  be  obtained.  In  the 
southern  mine  Qocation  185)  the  bed  is  nearly  3  feet  thick,  including 
a  1-inch  parting,  and  is  overlain  by  a  number  of  thin  beds  of  lignite 
separated  by  shale  partings.  The  complete  detailed  section  is  shown 
on  Plate  XIV. 

The  bed  which  is  being  mined  in  sec.  36,  T.  135  N.,  K.  89  W.,  is 
probably  one  of  the  two  beds  described  above. 

T.  133  N.,  B.  87  W. 

The  northern  part  of  T.  133  N.,  R.  87  W.,  lies  on  the  divide  between 
Heart  and  Cannonball  rivers  and  is  a  region  of  broad  open  prairies 
interrupted  locally  by  low  buttes  capped  with  resistant  ledges  of 
sandstone.  The  land  in  the  southern  part  of  the  township  is  equally 
smooth  and  slopes  gradually  southward  toward  the  valley  of  Cannon- 
ball  River.  The  Cannonball  branch  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railway  crosses  the  northern  part  of  the  township  and  the 
town  of  Leith  is  located  on  that  road  in  sec.  5. 

The  rocks  that  outcrop  in  the  township  belong  to  the  Cannonball 
marine  member  of  the  Lance  formation  and  to  the  Fort  Union 
formation.  The  rocks,  however,  are  for  the  most  part  concealed  by 
a  heavy  mantle  of  soil,  so  that  exposures  are  rare.  The  contact 
between  the  two  formations  was  sketched  from  topography  alone. 

Two  beds  of  Ugnite  outcrop  on  the  sides  of  a  group  of  high  hills 
which  extend  into  the  northwestern  part  of  the  township.  The 
lower  of  these  is  the  more  important  and  is  being  mined  for  local  use 
in  a  drift  mine  in  sec.  7  Gocation  188).  The  shaft  mine,  Jones  mine, 
in  sec.  12,  T.  133  N.,  R.  88  W.,  is  on  the  same  bed.  The  Kolbank 
mine  in  sec.  7,  owned  and  operated  by  Simon  Pederson,  was  a  strip 
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pit  until  the  summer  of  1913,  when  an  entry  was  made.  The  graphic 
section  shown  on  Plate  XIV  was  measured  at  the  entry.  Although 
the  total  thickness  of  the  bed  is  7  feet  9  inches,  only  the  lower  part  of 
the  bed  is  being  mined,  because  the  upper  part  must  be  left  for  a 
roof.  A  sample  for  chemical  analysis  was  collected  in  this  mine,  the 
analysis  of  which  is  shown  on  page  256.  The  thickness  of  the  part 
mined  where  the  sample  was  collected  was  4  feet  10  inches. 

South  of  the  divide  in  the  NE.  \  sec.  18  Gocation  186)  and  in  the 
:  NW.  i  sec.  17  Gocation  187)  the  same  bed  was  found  in  a  weathered 
'  condition  near  the  surface.  At  location  186,  in  an'old  prospect,  2  feet 
i  S  inches  of  ash  and  weathered  lignite  is  exposed.  At  location  187  a  few 
L  inches  of  much-weathered  lignite  outcrops  on  the  side  of  a  low  hill. 
'I  These  exposures,  however,  show  only  the  renmants  of  the  bed,  which 
J  may  confidently  be  expected  to  prove  much  thicker  when  exposed 
.  imder  a  sufficient  amount  of  cover  to  protect  it  from  weathering. 
Mounds  of  clinker  at  several  places  within  the  township  show  where 
•  ,tlie  bed  has  been  burned  at  the  outcrop.  This  clinker  is  especiaDy 
'-  prominent  at  the  south  end  of  a  long  ridge  in  sec.  19  and  on  the  east 
e;  nde  of  Spring  Butte  in  sec.  17.  The  same  coal  bed  is  exposed  in  a 
'  flmall  strip  pit  on  top  of  a  rounded  hill  in  sec.  10  Gocation  189),  where 
r  tlie  thickness  of  the  bed  is  4  feet.  The  lignite  at  this  place,  however, 
;.  is  much  weathered  and  therefore  of  little  value.  * 

The  upper  bed  was  formerly  mined  by  Mr.  Pederson  in  sec.  7,  about 
1,000  feet  southwest  from  the  mine  described  above.  The  outcrop  is 
now  concealed,  but  the  average  thickness  as  reported  by  Mr.  Pederson 
is  about  4  feet.  This  bed  is  stratigraphically  about  40  feet  above  the 
lower  bed. 

T.  134  N.,  B.  87  W. 

T.  134  N.,  R.  87  W.,  lies  on  the  northern  side  of  the  broad  divide 
which  separates  the  drainage  systems  of  Heart  and  CannonbaD  rivers. 
The  general  slope  of  the  surface  is  to  the  northwest  toward  Antelope 
Creek,  which  flows  northeast  across  sees.  7,  6,  and  5.  The  surface  is 
for  the  most  part  well  adapted  to  dry  farming,  but  locally  the  rolling 
prairie  is  interrupted  by  steep-sided  rocky  buttes.  A  branch  of  the 
Northern  Pacific  Railway  crosses  the  township  centrally  in  an  east- 
west  direction.  The  town  of  Carson  on  that  road  is  located  in  sec.  13. 
The  outcropping  rocks  belong  to  the  Fort  Union  formation,  with  the 
exception  of  a  smaD  area  in  the  valley  of  Antelope  Creek,  in  sees.  5 
and  6,  where  the  Cannonball  marine  member  of  the  Lance  formation 
is  exposed.  Practically  the  only  natural  exposures  of  the  rocks  within 
the  township  are  in  the  valley  of  Antelope  Creek  and  high  up  on  the 
sides  of  some  of  the  more  rugged  buttes. 

Groups  of  rocky  hills  both  north  and  south  of  Carson  are  imderlain 
by  the  same  bed  of  lignite  which  is  mined  at  the  Kolbank  mine  near 
Leith  in  T.  133  N.,  R.  87  W.    The  surface,  however,  is  covered  with 
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80  heavy  a  mantle  of  soil  that  the  lignite  bed  appears  at  the  suifiee 
only  at  a  few  places.  At  the  old  Carter  ranch  in  the  SW.  i  sec  24 
Gocation  190)  is  a  drift  mine  now  abandoned  and  largely  cavei 
The  following  section  was  measured  at  the  mouth  of  the  mine: 

Section  in  Carter  ligniU  mincy  8W.\9ec.  U,  T.  1S4  N.,  R.  87  IT.,  loaUum  190. 

PL    In. 

Shale,  gray 10 

Shale,  light  brown 5 

Lignite,  good  quality ". 2      3 

Bone 3 

Lignite,  good  quality 2    11+ 

Base,  concealed  by  water. 

North  of  the  town  of  Carson,  in  a  group  of  three  small  but  promineQt 
hills,  a  considerable  amount  of  prospecting  for  lignite  has  been  done. 
Two  drift  mines  have  been  opened  on  the  south  slope  of  the  centnl 
hill  in  the  NW.  {  sec.  13  location  192),  but  both  have  been  abandoned. 
The  following  section  was  measured  at  the  mouth  of  the  west  entiy: 

Section  at  mouth  of  abandoned  lignite  mine  in  NW.  i  tee,  IS,  T,  1S4  N.,  R.  87  If. 

Ft  In. 

Shale,  gray,  sandy 10 

Shale,  brown,  carbonaceous  at  base 8 

Lignite,  bony 0 

Bone 1 

Lignite,  fair  quality 5 

Bone 1 

Lignite,  good  quality 1  3 

Clay  shale. 

The  owner  reported  that  there  is  considerable  variation  in  thickneBB 
of  the  bed  and  that  it  locally  reaches  a  thickness  of  3  feet  or  more* 
The  above,  however,  is  probably  a  representative  section. 

A  lower  coal  bed  was  reported  to  have  been  foimd  at  a  depth  of 
40  feet  in  a  well  close  to  the  railway  track  near  Carson  station  Gocation 
191) ;  the  driller  reported  that  the  well  was  sunk  2  feet  into  a  bed  of 
lignite  and  stopped.  No  other  evidence  could  be  obtained  with  regard 
to  this  lower  bed. 

T.  133  N.,  B.  86  W. 

The  northern  part  of  T.  133  N.,  K.  86  W.,  hes  on  the  divide  betweea 
Cannonball  River  and  Louse  Creek,  a  region  of  wide  rolling  prairifis 
interrupted  by  a  few  high  rocky  buttes.  On  the  south  this  upland 
area  is  terminated  by  a  moderately  steep  scarp  beyond  which  is  i 
region  of  smoothly  rounded  hills  separated  by  steep-sided  vallejB. 
The  Cannonball  branch  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
crosses  the  northern  part  of  the  township  in  an  east-west  direction. 
The  town  of  Brisbane  in  sec.  9  is  located  on  that  road. 

The  rocks  outcropping  in  the  township  belong  to  the  Cannonball 
marine  member  of  the  Lance  formation  and  to  the  Fort  Union  for- 
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mation.  The  area  is  largely  grass  covered  and  exposures  are  few. 
The  general  character  of  the  Cannonball  member  is  shown  by  a  few 
exposures  along  the  larger  streams  in  the  southern  part  of  the  town- 
ship; practically  the  only  part  of  the  Fort  Union  exposed  is  a  heavy 
cross-bedded  sandstone  which  outcrops  in  the  higher  buttes  in  the 
northeastern  part  of  the  township. 

The  coal  bed  which  is  mined  at  the  Kolbank  mine  near  Leith,  in 
T.  133  N.,  R.  87  W.,  underlies  a  group  of  rounded  hills  in  the  north- 
western part  of  the  township.  The  only  exposure  found,  however, 
was  in  a  railway  cut  in  sec.  7  (location  193),  where  the  thickness  of 
the  bed  is  only  1  foot  6  inches. 

T.  134  N.,  B.  86  W. 

The  topography  in  T.  134  N.,  K.  86  W.,  is  somewhat  diversified. 
Although  the  general  character  of  the  surface  is  that  of  a  rolling  upland 
prairie,  in  the  southern  part  of  the  township  a  number  of  prominent 
rocky  buttes  rise  above  this  general  upland  level  which  in  the  central 
and  eastern  parts  is  depressed  by  the  wide  valley  of  Louse  Creek.  The 
uplands  are  in  most  places  separated  from  this  valley  by  an  escarp- 
ment which  is  particularly  prominent  in  the  north-central  part  of 
the  township.  In  the  northern  part  there  are  local  areas  of  sand 
dimes.  The  whole  of  the  township  is  drained  by  Louse  Creek,  one 
of  the  principal  tributaries  of  Cannonball  Biver.  A  branch  of  the 
Northern  Pacific  Sailway  crosses  the  central  part  of  the  township 
following  the  valley  of  Louse  Creek  for  most  of  the  distance. 

The  strata  that  outcrop  in  the  township  belong  to  the  Caimonball 
marine  member  of  the  Lance  formation  and  to  the  Fort  Union  for- 
mation. The  rocks  of  the  Cannonball  member  are  exposed  in  the 
valley  of  Louse  Creek,  and  those  of  the  Fort  Union  formation  underUe 
the  upland  area. 

The  lignite  bed  which  is  mined  at  the  Kolbank  mine  near  Leith,  in 
T.  133  N.,  K.  87  W.,  underhes  Circle  Butte  in  sec.  31  and  a  few  other 
high  buttes  in  the  southern  part  of  the  township.  At  the  north  end 
of  Circle  Butte  some  mining  and  prospecting  have  been  done,  but  the 
openings  are  now  largely  fallen  in  and  the  hgnite  concealed.  The  lig- 
nite section  at  location  194,  shown  graphically  on  Plate  XIV,  was 
measured  near  the  mouth  of  one  of  the  old  drift  mines.  Local  reports 
indicate  that  the  lignite  in  other  openings  is  of  better  quality  than 
that  at  the  point  examined  and  that  the  bed  ranges  in  thickness  from  4 
to  6  feet.  In  a  small  prospect  on  an  isolated  butte  in  sec.  32  (loca- 
tion 195)  the  bed  is  only  1  foot  IH  inches  thick  and  contains  a 
parting  of  1^  inches  of  shale  5  inches  from  the  base.  In  sec.  26 
(location  196),  in  another  small  butte,  the  bed  was  reported  to  have  a 
thickness  of  only  1  foot. 

385"— Bull.  541—14 19 
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T.  185  N.,  BS.  86  AND  87  W. 

T.  135  N.,  Rs.  86  and  87  W.,  lies  on  the  northern  border  of  tiM 
broad  upland  separating  the  vaJleys  of  Heart  and  Cannonball  mm. 
The  upland  surface  is  a  smoothly  rolling  prairie,  above  which  rise  i 
few  rocky  buttes  capped  by  sandstone.  The  northward-flowing 
streams  have  cut  deep  canyon-like  gorges  through  these  uplands. 
The  most  prominent  stream  is  Antelope  Creek  which  flows  nortk- 
ward  through  the  western  part  of  T.  135  N.,  R.  87  W, 

The  greater  part  of  the  upland  surface  is  sufficiently  level  for  cuhi- 
vation,  but  the  sandy  character  of  the  soil  makes  large  areas  almost 
valueless  except  for  grazing.  In  the  southwestern  part  of  T.  135  N^ 
B.  86  W.,  is  a  considerable  area  of  so-called  lake  beds.  These  hb 
beds  or  playas  are  dry,  except  after  heavy  rainfaUs,  and  are  almost 
surrounded  by  small  areas  of  sand  dunes. 

The  rocks  that  outcrop  within  the  two  townships  belong  to  tlw 
Cannonball  marine  member  of  the  Lance  formation  and  to  the  Fort 
Union  formation.  The  upper  beds  of  the  Cannonball  member  an 
well  exposed  in  the  steep  stream  bluffs,  but  the  Fort  Union  stntt 
are  almost  invariably  concealed  except  for  beds  of  resistant  sand- 
stone which  form  the  capping  of  prominent  buttes.  No  lignite  bed 
of  any  value  outcrops  in  either  of  the  two  townships. 

EASTERN  PART  OF  OANNONBALL  BIVBB  VIBIJ>. 

A  brief  mention  should  be  made  of  the  thin  beds  of  lignite  in  the 
large  area  examined  in  1913  which  is  not  included  in  the  accompany- 
ing maps.  A  map  and  a  more  detailed  description  of  this  part  of  the 
field  will  be  published  later. 

The  majority  of  the  lignite  beds  in  the  eastern  part  of  the  field 
belong  to  the  lower  part  of  the  Lance  formation.  This  series  of 
strata,  about  400  feet  in  thickness,  is  separated  from  the  Fort  Union 
formation,  in  which  lie  the  important  lignite  beds  described  in  the  fore- 
going pages,  by  about  300  feet  of  the  shales  and  sandstones  of  the  Can- 
nonball marine  member  of  the  Lance.  This  latter  series  contuns  no 
Ugnite  and  might  properly  be  designated  as  '* barren  measures."  The 
lower  part  of  the  Lance  outcrops  in  the  valleys  of  Cannonball  River 
and  its  tributaries.  It  extends  up  Cedar  Creek  nearly  to  Howe  post 
office,  up  Cannonball  Biver  almost  to  Janesburg,  up  Dogtooth  Creek 
to  Raleigh,  and  up  Louse  Creek  several  miles  above  Flasher.  This  is 
a  region  of  wide  flats  bordered  by  steep  badland  bluffs  in  which  the 
strata  are  well  exposed.  Numerous  examinations  were  made  of  the 
Ugnite  beds  exposed  in  these  bluffs  and  in  the  strip  pits  from  which 
the  local  supply  of  fuel  is  obtained.  So  far  as  known  the  maximum 
thickness  of  any  of  the  lignite  beds  in  the  Lance  is  in  a  local  mine  in 
sec.  10,  T.  134  N.,  R.  84  W.,  a  few  miles  south  of  Flasher,  where  the 
following  section  is  exposed: 
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LiffniU  MectUm  in  $tnp  pU  in  tee.  10,  T,  134  N.^  R.  84 


Ft.         tiL 

Shale 12 

Lignite,  good 2     8) 

Shale,  brown,  carbonaceous 1      2 

Lignite,  good 1      1 

Lignite,  bony 9 

Bone 2 

Shale. 

Half  a  mile  south  of  this  point,  in  Copenhaver's  mine  in  the  NE.  \ 
sec.  15  of  the  same  township,  the  bed  is  somewhat  thinner,  but 
similar  with  regard  to  the  character  and  thickness  of  the  partings. 
At  this  place  about  4,000  tons  of  lignite  has  been  mined  by  drifting, 
but  the  shale  roof  proved  too  weak  and  the  drift  was  abandoned  in 
favor  of  the  more  laborious  method  of  stripping.  In  the  northern 
part  of  T.  132  N.,  K.  84  W.,  and  the  southern  part  of  T.  133  N.,  R. 
84  W.,  strip  pits  have  been  opened  up  at  a  number  of  places  and  con- 
siderable amounts  of  lignite  removed.  The  lignite  in  these  pits  ranges 
in  thickness  from  10  inches  to  2  feet.  Similarly  thin  beds  of  lignite 
have  been  mined  in  the  badland  areas  west  of  Wade  in  Tps.  130  and 
131  N.,  B.  86  W.,  and  in  the  extensive  badland  bluffs  northwest  of 
Solen  in  Tps.  134  and  135  N.,  Bs.  81  and  82  W. 

There  are  a  few  thin  beds  of  lignite  in  the  lower  part  of  the  Fort 
Union  formation  near  the  north  border  of  the  field.  These  beds  were 
examined  at  several  places  in  T.  136  N.,  Rs.  82,  83,  84,  86,  87,  and 
88  W.  No  bed,  however,  was  found  to  be  more  than  2|  feet  thick. 
At  an  abandoned  mine  in  sec.  1,  T.  136  N.,  B.  84  W.,  Mr.  WoU,  the 
owner,  reported  that  the  total  thickness  is  about  3  feet  but  that  there 
is  a  considerable  amount  of  shale  or  bone. 

Farther  north,  in  T.  137  N.,  B.  89  W.,  a  considerable  amount  of 
lignite  is  mined  for  local  use.  No  examination,  however,  was  made 
in  this  township. 
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LIGNITE  IN  THE  VICINITY  OF  PLENTYWOOD  AND 
SCOBEY,  SHERIDAN  COUNTY,  MONTANA. 


By  C.  M.  Bauer. 


INTRODUCTION. 

This  paper  presents  the  results  of  an  exanimation  of  an  area  m 
northeastern  Montana  along  the  north  border  of  the  Fort  Peck 
Indian  Reservation,  made  principally  for  the  purpose  of  ascertaining 
the  amount  and  character  of  the  Hgnite.  This  investigation  was 
made  partly  to  supplement  the  information  previously  obtained  rela- 
tive to  the  lignite  in  the  northeastern  part  of  the  Fort  Peck  Indian 
Reservation  and  partly  to  classify  the  land.  A  geologic  reconnais- 
sance of  the  Fort  Peck  field  had  been  made  by  C.  D.  Smith*  in  1908, 
before  the  land  in  the  northern  part  of  the  reservation  was  surveyed. 
In  1911,  subsequent  to  the  land  survey,  the  reservation  was  reexam- 
ined in  detail  by  the  writer.  At  this  time  some  additional  informa- 
tion regardmg  the  lignite  was  obtained,  but  owing  to  the  general 
cover  of  glacial  drift  in  the  northern  part  of  the  reservation,  exposures 
of  the  lignite-bearing  rocks  are  few,  and  there  are  extensive  areas  in 
this  region  in  which  very  little  additional  knowledge  regarding  the 
lignite  was  gained.  North  of  the  reservation,  along  Big  Muddy 
Creek,  however,  exposures  of  the  lignite-bearing  rocks  are  more 
numerous,  and,  chiefly  in  order  to  throw  light  upon  the  geology 
within  the  reservation  itself,  the  writer,  assisted  by  E.  T.  Hodge, 
gave  this  area  special  attention  during  the  field  season  of  1912.  This 
work  has  shown  that  in  this  area,  and  presumably  also  in  the  northern 
part  of  the  reservation,  the  lignite  is  commonly  weathered  and  the 
beds  are  in  general  thin.  The  lignite  will  probably,  therefore,  com- 
mand only  a  local  market,  though  owing  to  the  scarcity  of  other 
fuel  in  this  region  it  is  economically  important. 

The  area  here  described  consists  of  three  parts.  The  western  part 
is  made  up  of  a  little  more  than  two  townships  on  Poplar  River,  near 
Scobey,  Mont.,  and  the  eastern  part  consists  of  six  entire  townships 
as  well  as  parts  of  two  others  along  Big  Muddy  Creek,  in  the  vicinity 
of  Plentywood,  Mont.    The  intervening  area  was  examined  merely  in 

1  Smith,  C.  D., The  Fort  Peck  Indian  Reservation  lignite  field,  Mont.:  U.  S.  Geol.  Survey  Bull.  381, 1910. 
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a  reconnaissance  way  owing  to  the  fact  that  the  land  was  unsurveyei 
The  results  of  this  examination  are  included  in  the  general  discusdoii 
of  the  district;  but  detailed  mapping  was  limited  to  the  two  areas 
defined  above.  The  areas  in  Montana  described  in  this  bulletin  an 
shown  in  figure  9. 

fieijD  methods. 

The  methods  used  in  mapping  in  different  parts  of  the  field  wen 
varied  to  meet  the  conditions.  The  Land  Office  plats  of  the  eastern 
and  western  portions  of  this  field  are  comparatively  recent  and 
appear  to  be  accurate  and  satisfactory;  they  were  therefore  used  as 
a  base  for  the  geologic  mapping.    In  the  area  around  Scobey  rock 


FxQUEx  9.— Map  showing  coal  fields  of  Montana  described  in  this  hoUetiii. 

exposures  are  in  general  widely  separated^  and  the  mapping  here 
consisted  chiefly  in  locating  these  isolated  outcrops.  Whenever 
possible,  the  method  followed  was  triangulation  from  land  comen, 
using  a  plane  table  and  telescopic  alidade.  In  the  vicinity  of  Bed- 
stone and  Plentywood,  in  the  eastern  part  of  the  field,  howevefi 
outcrops  are  more  nearly  continuous,  and  in  this  area  locations  were 
made  by  stadia  traverse,  the  altitude  of  each  lignite  prospect  being 
determined  by  vertical  angles.  Springs,  houses,  and  roads  were  ako 
carefully  located  in  both  districts.  The  examination  of  the  area 
between  the  surveyed  portions  at  either  end  of  the  field  was  in  the 
nature  of  a  reconnaissance,  the  results  of  which  are  included  in  the 
general  discussion. 
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SURFACE  FEATURES. 
BBUEF. 

This  field  is  a  part  of  the  Great  Plains  region  and  is  in  the  main  a 
rolling  prairie  with  broad,  gentle  slopes.  The  western  portion  is 
drained  by  Poplar  River  and  the  eastern  by  Big  Muddy  Creek,  and 
between  Uie  two  lies  a  high  divide  many  miles  in  width.  The  broad 
and  nearly  flat  valley  of  Poplar  River  traverses  the  field  from  north 
to  south  in  R.  48  E.  (PI.  XV,  p.  308).  In  R.  52  E.  the  somewhat 
narrower  valley  of  Big  Muddy  Creek  enters  the  area  from  the  north 
and  extends  across  it  to  the  southeast  comer  of  the  field,  where  it 
turns  southward  to  form  the  east  boundary  of  the  Fort  Peck  Indian 
Reservation.  For  a  distance  of  about  6  miles  in  T.  34  N.,  R.  55  E., 
this  stream  flows  through  a  valley  which  is  much  narrower  than  that 
in  the  other  portion  of  its  course.  This  constricted  portion  seems  to 
represent  a  more  recent  valley  into  which  the  river  was  diverted  by 
the  partial  filling  of  its  old  valley  with  glacial  material.  The  old 
valley  is  plainly  discernible  near  Antelope,  where  a  branch  of  the 
Great  Northern  Railway  follows  it  for  several  miles. 

The  maximum  relief  in  the  region  is  about  750  feet.  For  instance, 
the  valley  of  Big  Muddy  Creek  near  the  reservation  boimdary  has  an 
elevation  above  sea  level  of  approximately  2,000  feet,  and  the  land  on 
the  divide  directly  to  the  west  reaches  an  elevation  of  about  2,750 
feet.  However,  local  differences  in  altitude  are  not  great,  and  even 
in  the  rough  country  bordering  Big  Muddy  Creek  the  height  of  the 
bluffs  is  commonly  less  than  150  feet. 

The  summits  of  all  the  highest  hills  and  ridges  are  approximately 
at  the  same  altitude  and  are  covered  with  quartzite  gravel.  The 
concordance  of  these  hilltops  suggests  the  existence  of  an  old  river 
plain  at  the  close  of  the  first  stage  in  the  development  of  the  present 
topography.  The  areas  known  to  be  covered  by  this  gravel  in  the 
districts  mapped  are  shown  in  Plates  XY  and  XVI  (pp.  308  and  314). 
A  second  stage  in  the  development  is  represented  by  the  general  level 
of  the  country,  which  has  an  altitude  of  about  150  feet  above  the 
flood  plains  of  the  present  streams.  The  development  of  this  second 
peneplain,  presumably  by  erosion,  was  not  complete  when  the 
country  was  covered  by  an  ice  sheet.  The  general  effect  of  the 
glaciation  has  been  to  roimd  off  the  hills  and  partly  fill  the  vaUeys. 
The  plain  thus  formed  extends  throughout  the  field  and  gives  a 
prairie  aspect  to  most  of  the  topography.  A  third  stage  in  the 
erosion  is  shown  in  the  present  flood  plains  of  Poplar  River  and  Big 
Muddy  Creek,  which  are  about  a  mile  wide. 
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DBAINAGB. 

The  direction  of  the  present  drainage  is  southeastward.  Popbr 
River  rises  in  the  Canadian  province  of  Saskatchewan  and  flons 
southeast  to  Missouri  River,  emptjring  into  that  stream  at  Poplar. 
Big  Muddy  Creek  also  rises  in  Saskatchewan  and  flows  in  a  southeify 
direction  as  far  as  T.  35  N.,  where  it  is  joined  from  the  west  bj  Ea^ 
Creek.  For  15  miles  beyond  this  place  it  trends  eastward  and  then 
bends  and  flows  southward  50  miles  to  join  Missouri  River.  Hie 
course  of  Big  Muddy  Creek  is  extremely  sinuous,  though  the  cuirent 
is  fairly  rapid.  Along  both  of  these  streams  lie  flats  from  half  a  mile 
to  2  miles  in  width,  the  development  of  which  is  due  partly  to  HhB 
filling  in  of  glacial  debris  and  partly  to  the  normal  meandering  iod 
aggrading  of  the  streams.  The  presence  of  the  glacial  material  is 
shown  in  several  wells  in  the  valley  of  Big  Muddy  Creek  in  the  yidnitj 
of  Redstone,  which  penetrate  glacial  drift  and  alluvium  to  a  depth  of 
30  feet.  In  this  material  the  channel  of  the  Big  Muddy  is  eroded  to  t 
depth  of  18  to  25  feet,  whereas  Poplar  River  flows  in  a  channel  only 
10  to  15  feet  deep.  These  flats  contain  many  water  holes  represeDting 
cut-off  meanders. 

The  country  is  fairly  well  watered  by  springs,  although  the  average 
annual  rainfall  is  only  13.5  inches.  Most  of  the  spring  water  contuDS 
some  ^'alkali"  but  not  enough  to  prevent  its  use  as  a  domestic 
supply.  Many  of  the  springs  issue  from  the  outcrops  of  lignite  beds, 
probably  because  the  joints  in  the  Kgnite  form  channels  for  the 
ground  water,  whereas  the  rocks  immediately  below  the  beds  aw 
relatively  impervious. 

Although  the  annual  precipitation  in  this  part  of  Montana  is  onk 
about  13.5  inches,  more  than  half  of  this  amount  falls  in  light  rains 
between  the  beginning  of  April  and  the  end  of  July  or  during  the 
grovnng  season,  when  it  is  most  needed  for  crops.  The  average 
annual  snowfall  is  about  40  inches,  but  the  snow  is  normally  light  and 
dry,  and  the  winds  generally  carry  most  of  it  into  ravines,  leaving  the 
ranges  bare  and  acce^ble  for  grazing  throughout  most  of  the  winter.* 

CULTURE. 

A  branch  of  the  Great  Northern  Railway,  which  extends  as  far  ae 
Plentywood,  renders  the  eastern  part  of  the  field  easily  accessible. 
The  western  part  can  be  reached  at  present  by  stage  from  Poplar, 
Mont.  The  principal  town  in  the  western  section  is  Scobey,  which 
is  located  on  Poplar  River,  in  T.  35  N.,  R.  48  E.  Redstone,  Plenty- 
wood,  and  Antelope  are  tliriving  towns  in  the  eastern  part  of  the 
field. 


1  Summary  of  the  climatological  data  for  the  United  States  by  sections;  Climatologlcal  section  Na  90^ 
northeastern  Montana,  U.  S.  Dopt.  Agr.  Weather  Bureau. 
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Most  of  the  area  has  been  filed  on  by  settlers  as  agricultural  land. 
A  few  quarter  sections  have  been  allotted  to  Indians  but  are  not 
occupied  by  them,  these  lands  being  leased  by  farmers  and  stockmen 
for  grazing  or  for  the  natural  hay  which  tliey  produce.  The  land 
is  arable  almost  everywhere  except  along  the  outcrops  of  the  strati- 
fied rocks,  where  the  soil  is  thin  or  absent.  However,  these  outcrops 
are  few  and  are  confined  for  the  most  part  to  tlie  rou^est  portions 
of  the  field,  particularly  along  Big  Muddy  Creek.  The  bottom  land 
along  Big  Muddy  Creek  and  Poplar  River  supports  a  considerable 
growth  of  natural  hay  which  can  be  cropped  every  year,  but  on  the 
uplands  the  wild  hay  can  be  profitably  cut  only  every  ^third  year. 
The  principal  crops  of  the  region  are  flax,  oats,  barley,  and  potatoes, 
some  spring  wheat,  and  some  com  for  fodder  only.  Millet  has  been 
raised  with  success,  as  has  also  timothy  hay.  Likewise  most  garden 
vegetables  except  celery  have  been  raised  successfully.  These  crops 
are  cultivated  without  irrigation,  although  in  a  few  places  on  the 
flats  of  Poplar  River  and  Big  Muddy  Creek  irrigation  has  been 
applied  to  the  land  with  mediocre  success. 

Hiere  is  very  little  timber  land  in  the  region.  Thickets  of  quaking 
aspen,  cottonwood,  box  elder,  and  ash  grow  in  a  few  of  the  larger 
coulees,  but  the  trees  are  not  sufficiently  numerous  to  be  utilized 
even  for  fence  posts.  There  are  also  a  few  willows  along  tlie  principal 
streams,  but  the  trees  are  too  widely  scattered  to  be  of  value. 

GEOLOGY. 

STBATIGBAPHY. 

OCOUBBENCE  OF  THE  BOOKS. 

The  oldest  sedimentary  rocks  exposed  in  this  field  are  in  the  valley 
of  Poplar  River  at  a  lignite  mine  in  sec.  3,  T.  33  N.,  R.  48  E.,  and  in 
sec.  26,  T.  35  N.,  R.  48  E.  These  rocks  probably  belong  to  the  Lance 
formation.  The  formation  is  lignite  bearing  in  part  and  is  commonly 
characterized  by  its  somber  color.  StratigraphicaUy  above  these 
rocks  lie  the  lignite-bearing  strata  of  the  Fort  Union  formation. 
These  strata  are  predominantly  light  colored,  but  in  many  regions 
where  these  formations  are  well  exposed  the  colors  and  other  litho- 
logic  characters  of  the  one  formation  blend  into  those  of  the  otlier  so 
that  the  line  of  demarcation  is  uncertain. 

In  the  area  here  described,  moreover,  exposures  are  generally  poor, 
and  it  is  impossible  to  determine  the  exact  line  of  separation  between 
the  formations.  No  fossils  were  found  by  which  the  age  of  the 
rocks  could  be  determined,  hence  the  basis  on  which  the  approximate 
boundary  line  is  drawn  (PI.  XV,  p.  308)  is  the  information  obtained 
in  the  Fort  Peck  Reservation  by  C.  D.  Smith  *  in  1908,  and  by  the 

Smith,  C.  D.,  Tbe  Fort  Peek  Indian  Reservation  lignite  field,  Mont.:  U.  S.  QeoL  Survey  Bull.  381, 1910. 
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writer  in  1911.  On  the  reservation  the  Lance  strata  are  predom- 
inantlj  somber  colored,  and  those  of  the  Fort  Unioni  which  also 
contam  a  greater  number  of  lignite  beds,  are  light  colored.  A 
lignite  bed  located  near  the  horizon  at  which  the  lithology  changes 
was  assumed  to  represent  the  base  of  the  Fort  Union  and  was  mapped 
as  such.  Howeveri  for  10  miles  south  of  the  reservation  boundary, 
exposures  near  the  contact  are  scanty  and  the  separation  was  made 
laq^ly  on  the  basis  of  the  color  of  outcropping  beds. 

Owing,  therefore,  to  the  absence  of  a  sharp  lithologic  boundary 
between  the  formations,  and  to  the  lack  of  exposures  near  the 
critical  horifzon  in  tins  field  and  also  in  the  northern  part  of  the 
reservation,  the  accurate  mapping  of  the  Lance-Fort  Union  boundary 
is  impossible.  In  drawing  the  line  shown  on  the  map  the  known 
outcrops  of  somber-colored  beds  were  considered  to  belong  to  the 
Lance  and  those  of  yellow  beds  to  the  Fort  Union.  A  bed  of  lignite 
16  to  22  feet  thick,  which  outcrops  on  Coal  Creek  near  the  interna- 
tional boundary,  is  thought  to  be  the  same  as  a  bed  18  feet  thick 
reported  by  O.  M.  Dawson^  from  Porcupine  Creek  on  the  inter* 
national  boundary  a  few  miles  west  of  the  one  hundred  and  sxth 
meridian.  This  is  regarded  as  probably  identical  with  the  bed 
mapped  as  the  base  of  the  Fort  Union  and  its  horizon  was  projected 
as  accurately  as  possible  into  the  Scobey  district.  Li  mapping  the 
inferred  outcrop  of  this  horizon  it  was  of  course  necessary  to  take 
into  account  the  topography  and  also  the  low  eastward  dip  of  the 
strata  Gess  than  10  feet  to  the  mile). 

TEBTIABT   (?)    SYSTEM. 
LAirCE  FORMATION. 

In  the  field  here  described  about  175  feet  of  strata,  consisting  of 
somber-colored  shale  and  cross-bedded  sandstone  with  local  lenses 
of  impure  lignite,  are  referred  to  the  Lance  formation.  The  base  of 
the  formation  is  not  exposed,  but  on  the  adjoining  reservation  it  has 
a  total  thickness  of  200  to  300  feet.  Its  separation  from  the  over- 
lying Fort  Union  formation  is  based  on  its  stratigraphic  position  and 
lithologic  character.  In  these  particulars  it  agrees  with  the  Lance 
formation  as  recognized  in  other  areas  in  eastern  Montana  and  in 
North  Dakota,  where  it  is  further  characterized  by  a  dinosaur  fauna 
which  has  not  been  found  in  the  Fort  Union.  Formerly  the  Survey 
considered  the  evidence  of  the  age  of  the  Lance  so  conflicting  that  it 
was  ascribed  to  the  Cretaceous  or  Tertiary,  but  recently  the  close 
correlation  of  the  Lance  flora  with  that  of  well-determined  Tertiary 
formations  of  the  GuK  coast,  considered  together  with  the  mountain- 
making  movements  that  are  supposed  to  have  immediately  preceded 
the  deposition  of  the  strata,  has  led  the  Survey  to  assign  the  fonna- 
tion  to  the  Tertiary  ( ?)  system. 

nawBon,  O.  M.,  Tbe  lign^  Tertiary  foniiatton:  Canada  Geol.  Survey  Rept.for  1879-1880,  p.  a9a.l88U 
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TEBTIABT  SYSTEM. 

FORT  xnnov  foematiov. 

The  Fort  Union  formation,  of  Eocene  age,  is  the  uppermost  con- 
olidated  fonnation  in  this  field.  It  consists  of  light-colored  sand- 
tone,  shale,  and  clay,  with  nimierons  beds  of  lignite,  and  rests  with 
pparent  conformity  on  the  underlying  Lance  fonnation.  The  best 
xposures  of  these  rocks  are  in  the  bluffs  along  Big  Muddy  Creek, 
lasses  of  sandstone  are  exposed  more  commonly  than  shale  or  clay, 
«cause  in  the  weathering  of  a  hill  the  sandstone  is  most  resistant, 
producing  irregular  projecting  ledges,  above  and  below  which  the  hill 
lopes  are  generally  grass  covered. 

The  following  section,  compiled  from  measured  sections  in  three 
realities  in  the  Plentywood  district,  illustrates  the  character  of  the 
>*ort  Union  formation  in  this  field: 

Section  of  the  Fort  Union  formation  compiled  from  three  localities. 

BMtlOB  in  VW.  \  MO.  18,  T.  S4  H.,  R.  iB  S. 

Ft.        In. 

Sandstone  (top  ezxxled) 60+ 

Shale,  sandy 10 

Sandstone,  friable 8 

Shale,  carbonaceous 3       4 

Lignite 6 

Shale 24       9 

Sandstone,  friable 2       6 

Sandstone,  hard 10 

Sandstone,  argillaceous 7 

Shale,  sandy 31 

Sandstone,  hard 10 

Shale,  gray 5 

Shale,  carbonaceous 4       4 

Shale,  sandy 34 

Shale,  drab 5 

Shale,  carbonaceous 4 

Shale,  brown 4 

Sandstone,  light  gray 13      11 

Lignite  (Richardson  bed) 2+ 

SactioB  in  SW.  \  fee.  U,  T.  S5  V.,  B.  iB  S. 

Lignite  (Richardson  bed). 

Shale,  sandy 12+ 

Sandstone ,  15 

Sandstone  (forming  ledge) 4 

Sandstone,  cross-bedded 48 

Shale 4      10 

Sandstone,  white,  containing  streaks  of  white  clay 16       8 

Shale,  carbonaceous 4 

Shale,  gray 10+ 
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Seetioa  in  SW.  i  MO.  C  T.  tf  v.,  R.  n  X. 

Ft.       In. 

Interval  of  shale  and  sandstone,  covered  in  part 80± 

Sandstone,  hard 1  6 

Sandstone,  friable 26 

Shale,  carbonaceous 4 

Shale,  gray 12 

Sandstone U  6 

Clay,  drab 1 

Lignite 1  4  ■, 

Shale,  brown 4  5 

Sandstone 12 

Lignite 8 

Shale,  carbonaceous 1  6 

Shale,  sandy 11  6 

Shale,  drab 5  10 

Shale,  carbonaceous 6 

Lignite 1  8 

Sandstone 2  3 

Lignite  (Redstone  bed) 2  8+ 

Total  lignite 8      10+ 

Total 494± 

A  complete  section  of  the  Fort  Union  f onnation  in  this  field  would 
probably  measure  more  than  1 ,000  feet.^ 

A  white  clay  bed '  of  economic  importance  occurs  in  this  forma- 
tion in  the  vicinity  of  Redstone  and  Plentywood.  It  is  a  fair-grade 
clay,  suitable  for  the  manufacture  of  brick,  draintile,  and  stoneware. 

In  some  places  red-baked  rock  known  locally  as  scoria  or  clinker 
is  found,  the  old  Redstone  post  office  in  sec.  16,  T.  36  N.,  R.  52  E., 
having  derived  its  name  from  the  presence  of  this  clinker  in  the 
neighboring  bluffs.  The  clinker  is  caused  by  the  burning  of  a  lignite 
bed  along  its  outcrop.  The  fire  may  have  been  started  in  varioiis 
ways.  It  is  generally  ascribed  to  lightning,  prairie  fires,  the  agency 
of  man,  or  spontaneous  combustion  caused  by  rapid  oxidation  in 
weathering.  The  heat  generated  may  become  so  intense  locally  as 
to  cause  flowage  in  the  overlying  strata,  but  as  the  binning  progresses 
under  greater  cover  the  fire  commonly  dies  out,  owing  to  lack  of  air. 

TEBTIABT  OR   QUATERNART   SYSTEM. 
QUARTZITE  G&AVEL. 

Certain  high  hills  and  ridges,  as  shown  on  the  maps  (Pis.  XV  and 
XVI,  pp.  308  and  314)  are  capped  by  quartzite  gravel  ranging  from  a 
few  inches  to  14  feet  in  thickness.  This  gravel  is  commonly  strati- 
fied and  was  probably  deposited  by  streams.     In  a  few  places  it  is 

iBeeldy,  A.  L.,  Tbe  Culbertson  lignite  field,  Valley  County,  Mont.:  U.  S.  Geol.  Sunrey  Bolt  471, 
p.  326, 1912. 
s  Bauer,  C.  M.,  Clay  in  northeastern  Montana:  U.  8.  QeoL  Survey  Bull.  540,  pp.  80m372,  lOli.     • 
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consolidated  but  nowhere,  so  far  as  is  known,  in  the  area  here  de- 
scribed. However,  in  the  Fort  Peck  Reservation,  on  the  high  bluff 
south  of  Cottonwood  Creek,  in  the  SE.  J  sec.  33,  T.  32  N.,  R.  46  E., 
the  formation  consists  of  consolidated  sand  and  gravel  cemented 
with  lime.  The  lower  part  is  about  8  feet  thick  and  consists  of  sorted 
quartzite  pebbles  cemented  with  lime,  resembUng  concrete  filler  for 
sidewalks.  The  upper  part  is  a  massive  white  calcareous  sandstone 
having  a  maximum  observed  thickness  of  4  feet.  Some  of  the  peb- 
bles in  the  lower  part  are  2  inches  in  diameter,  though  most  of.  them 
are  less  than  1  inch.  In  the  area  under  discussion  over  90  per  cent 
of  the  pebbles  are  red  or  brown  quartzdte,  though  a  few  pebbles  of 
argillite  were  noted.  All  are  well  rounded  and  very  few  are  larger 
than  3  inches  in  diameter.  Many  of  the  pebbles  are  coated  with 
lime.  Where  the  deposit  is  best  preserved  it  contains  a  considerable 
amount  of  interstitial  yellow  sand.  As  the  deposit  is  lithologically 
different  from  the  glacial  drift,  and  furthermore  is  limited  in  extent 
to  the  tops  of  the  highest  hills,  whereas  the  glacial  drift  \s  scattered 
generally  and  in  many  places  overlies  it,  it  is  probably  pre-Pleistocene. 
Although  no  fossils  were  found  in  this  gravel,  a  similar  deposit  con- 
taining fossils  in  the  vicinity  of  the  Cypress  Hills  is  described  by  R.  O. 
McConnell.*  McConnell  gave  the  age  of  the  beds  as  Miocene,  but 
more  complete  identification  of  the  fossils  by  E.  D.  Cope '  reveals 
the  age  of  the  beds  as  Oligocene  or  Lower  Miocene. 

QUATEBNABY   SYSTEM. 
GLACIAL  DRIFT. 

The  stratified  rocks  are  covered  generally  with  glacial  material 
consisting  of  sand  and  clay  intermingled  with  bowlders  of  granite, 
limestone,  basalt,  sandstone,  and  many  other  rocks.  The  drift  is 
usually  unstratified,  and  its  known  thiclmess  in  this  area  ranges  from 
a  few  inches  to  40  feet,  being  commonly  greatest  in  the  valleys.  In 
general  it  is  thinner  around  Plentywood  than  in  the  vicinity  of  Scobey, 
but  along  the  railroad,  in  T.  34  N.,  R.  55  E.,  near  Antelope,  it  is 
probably  even  thicker  than  40  feet.  On  the  west  side  of  Poplar 
Civ^ek,  in  sec.  18,  T.  34  N.,  R.  48  E.,  a  well  was  dug  through  40  feet 
of  glacial  material  containing  a  few  blocks  of  lignite  1  foot  in  diameter 
as  well  as  fragments  of  granite  and  limestone. 

>  MoOonneU,  R.  G.,  On  tbe  Cyprass  WHb,  Wood  Mountain,  and  adjacent  country:  Canada  QeoL  Surrey 
Ann.  Rapt,  new  ser.,  vdL  1, 1880. 

s  Cope,  E.  D.,  On  Vertebratafrom  the  Tertiary  and  Cretaceous  rocks  of  Uie  Northwest  Territory:  Canada 
Oeol.  Survey  Contr.  Canadian  Paleontology,  toL  3,  pt.  1, 1801. 
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STBXrCTTJBS  OF  THE  ffTRATIFIBD  BOGK8. 


In  the  Yicinity  of  Scobey  the  Ugnite-bearing  rookB  lie  neaily  flai^ 
but  owing  to  the  scarcity  of  outcrops  little  knowledge  of  the  exael 
dip  can  be  obtained.  However;  from  the  attitude  of  the  beds  to  the 
south  it  is  assumed  that  they  have  an  easterly  dip  of  about  10  feet 
to  the  mile.  Along  Big  Muddy  Creek  definite  information  of  the 
structure  was  obtained  by  determining  the  altitudes  of  the  hgnite 
beds  at  many  points.  In  T.  35  N.,  R.  52  E.,  altitudes  detennined 
on  the  Redstone  lignite  bed  indicate  a  southeastward  dip  of  about 
15  feet  to  the  mile,  and  in  T.  34  N.,  R.  55  E.,  they  indicate  a  dip  of 
about  16  feet  to  the  mile  in  the  same  direction.  Mmor  undulations 
in  the  strata  alter  this  dip  locally,  but  these  measurements  illustnte 
the  general  attitude  of  the  beds. 

THE  UONITE. 

PHYSICAL  AND  CHEMICAL  CHABACTBB8. 

The  lignite  is  dark  brown  in  color  when  fresh  and  its  luster  is  dull 
to  waxy.  The  texture  is  commonly  dense,  though  in  places  it  is 
woody.  In  some  specimens  even  the  structure  of  fairly  large  pieces 
of  wood,  generally  flattened,  is  preserved,  this  being  most  common 
in  the  case  of  the  harder  parts  such  as  knots.  A  pronounced  charac- 
teristic of  lignite  is  its  tendency  to  slack  on  exposure  to  the  air,  due 
to  the  fact  that  it  contains  much  water,  which  evaporates  on  expo- 
sure, causing  shrinkage  and  the  development  of  an  irregular  network 
of  cracks  along  which  the  lignite  separates  into  pieces.  If  the  lignite 
is  covered  after  being  taken  out  of  the  mine  so  that  the  drying  pro- 
ceeds slowly  disintegration  is  materially  retarded. 

Two  samples  of  lignite  from  this  field  were  submitted  to  the  United 
States  Bureau  of  Mines  for  analysis.  Both  samples  seemed  to  have 
been  slightly  weathered,  though  they  were  taken  from  the  deepest 
mines  in  the  area.  Sample  No.  14614  was  taken  from  the  Richardson 
mine  at  location  65  in  sec.  21,  T.  34  N.,  E.  55  E.,  about  90  feet  below 
the  siu*face  and  about  200  feet  north  of  the  opening.  This  sample 
included  the  lignite  of  the  lower  bench,  which  is  5  feet  2  inches  thick, 
as  shown  in  section  No.  65  in  Plato  XVII  (p.  314) .  Sample  No.  14670 
was  taken  from  the  Pierce  mine  at  location  52  in  sec.  10,  T.  35  N.,  R.  55 
E.,  about  45  feet  below  the  surface  and  250  feet  northwest  of  the  opeih 
ing  of  the  main  entry.  Only  the  lower  part  of  the  bed  was  sampled  at 
this  place  and  included  3  feet  9  inches  of  lignite,  as  shown  in  section 
No.  52  in  Plate  XVII.  For  purposes  of  comparison,  three  rep- 
resentative analyses  (Nos.  10724,  12533,  and  11045)  of  lignite  from 
neighboring  fields  are  also  given  in  the  accompanying  table  (p.  304). 

The  method  followed  in  taking  these  samples  'involves  selecting 
a  representative  face  of  the  bed  to  be  sampled;  cleaning  the  face, 
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making  a  cut  across  it  from  roof  to  floor,  and  rejecting  or  including 
impurities  according  as  these  are  included  or  excluded  in  mining 
operations;  reducing  the  gross  sample,  by  crushing  and  quartering, 
to  about  4  pounds;  and  immediately  sealing  the  sample  in  an  air- 
tight container  for  shipment  to  the  laboratory."  ^ 

The  four  analyses  given  below  for  each  sample  are  not  different 
determinations  but  are  merely  four  forms  of  one  analysis.  Form  A 
is  the  analysis  of  the  lignite  exactly  as  it  comes  from  the  mine. 
Owing  to  the  fact,  however,  that  the  original  moisture  content  of  a 
sample  is  largely  a  matter  of  accident  and  depends  partly  on  the 
amount  of  water  in  the  mine  from  which  it  came,  it  is  best  for  com- 
parative purposes  to  use  form  B,  which  is  the  analysis  of  the  sample 
air  dried  under  uniform  conditions.  Form  C  is  the  theoretical  analy- 
sis of  the  sample  after  all  moisture  has  been  eliminated.  Form  D  is 
also  computed  and  is  the  analysis  of  the  sample  after  aU  moisture  and 
ash  have  been  theoretically  removed. 

>  Bur.  Mines  BuU.  22, 1913. 
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The  samples  taken  in  this  field  were  both  slightly  weathered, 
whereas  those  from  the  neighboring  areas  were  fresh.  Weathered 
lignite  gives  up  relatively  little  of  its  moisture  on  air  drying,  whereas 
fresh  lignite  generally  loses  two-thirds  or  more.  This  is  well  shown 
in  the  accompanying  table.  The  weathered  samples  from  this  field 
yielded  less  than  6  per  cent  of  moisture  on  air  drying,  but  the  fresh 
samples  from  the  other  areas  yielded  23  to  33  per  cent.  It  is  evident 
that  the  amount  of  moisture  retained  by  a  weathered  sample  after 
the  air-drying  process  must  decidedly  impair  its  heating  value  on  the 
air-dried  basis.  Thus,  the  samples  from  this  field  yielded  7,180  and 
7,930  British  thermal  units,  whereas  the  fresh  samples  of  representa- 
tive lignite  from  the  three  other  localities  all  gave  over  8,700  (form  B). 
On  the  other  hand,  the  ash  in  the  Plentywood  lignite  is  slightly  lower, 
and  the  sulphur,  especially  in  the  sample  from  the  Richardson  mine, 
is  decidedly  lower.  Furthermore,  it  is  evident  that  if  the  ash  and 
moisture  be  disregarded,  and  only  the  lignite  substance  be  considered, 
the  Plentywood  lignite  compares  very  favorably  with  that  from  the 
other  localities  (form  D).  This  suggests  that  if  entirely  unweathered 
lignite  could  be  found  and  mined  in  the  Scobey-Plentywood  field  it 
would  probably  be  equal  in  every  respect  to  the  product  of  the  neigh- 
boring fields  with  which  it  would  come  into  competition.  It  is 
believed,  however,  that  all  the  lignite  mined  in  the  field  at  the  present 
time  is  slightly  weathered  and  is  for  this  reason  somewhat  inferior 
to  that  mined  in  many  near-by  localities. 

DI8TBIBTJTION. 

Thin  beds  of  lignite  outcrop  in  many  places  along  Poplar  River, 
but  in  the  western  district  considered  in  this  report  the  beds  are 
generally  too  thin  to  be  of  value  at  the  present  time.  Owing  to  the 
lack  of  good  exposures,  it  is  not  known  how  many  beds  of  lignite 
occur  near  Scobey.  The  locations  of  the  various  outcrops  that  were 
discovered,  however,  are  shown  on  the  map  (PI.  XV,  p.  308),  and  the 
thickness  and  character  of  these  beds  are  discussed  under  the  descrip- 
tion of  the  township  in  which  each  is  found. 

In  the  eastern  part  of  the  field  along  Big  Muddy  Creek  the  expo- 
sures are  better,  and  a  number  of  Ugnite  beds  are  known  (PL  XVI, 
p.  314).  All  the  surveyed  land  in  the  vicinity  of  Plentywood  is  under- 
lain at  a  depth  of  less  than  500  feet  by  lignite  beds  3  feet  or  more  in 
thickness.  These  beds  outcrop  in  many  localities  and  are  utilized 
locally  for  fuel.  A  detailed  description  of  the  topography,  geology, 
and  lignite  resources  of  each  township  mapped  follows. 

365'— Bull.  641—14 ^20 
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DESCRIPnOX  BT  TOWNSHIPS. 


S5  N.,  R.  48  £.— Poplar  Biver  flows  southwaid  through  the 
central  part  of  T.  35  N.,  B.  48  E.  (PL  XV,  p.  308) .  The  lignite-bearing 
rocks  probably  belong  both  to  the  Lance  and  the  Fort  Union  fonna- 
tionsy  but  no  fossils  were  foimd.  Exposures  are  few,  as  the  stratified 
rocks  are  generally  covered  by  glacial  drift.  In  the  SW.  i  sec.  17 
about  35  feet  of  bowlder  clay  is  exposed.  In  the  SE.  i  SE.  ^  sec.  32 
there  is  a  kamelike  deposit  of  glacial  drift  of  which  the  following  is 
the  section: 

Section  of  glacial  drift  intheSE.i  SE,  J  «ec.  «,  T.  35  N.,  R,  48  E. 


Gravel,  umrtzatified,  90  per  cent  quartzite  pebbles 4 

Sand  and  gravel,  stzatified 3 

Bowlder  clay,  umrtzatified,  containing  aand  and  gravel  (the  lower 

part  consolidated) 8 

Shale,  dark  gray.  

15 

Thin  beds  of  lignite  outcrop  in  sees.  1,  11,  24,  and  26.    A  lignite 
bed  was  also  reported  on  unsurveyed  land  about  one-half  mile  west 
of  the  southwest  comer  of  sec.  7.    At  this  place  (location  1,  PL 
XV)  ^  a  bed  of  lignite  1  foot  4  inches  in  thickness  outcrops  in  a  large 
spring.    At  location  2,  in  the  SW.  \  sec.  1,  a  bed  of  lignite  is  exposedi 
the  base  of  which  is  concealed  by  the  water  of  a  spring.     Above  the 
water  level  2  feet  1  inch  of  Ugnite  is  exposed,  and  this  portion  of  the 
bed  has  been  stripped  for  local  use.    At  location  3  two  thin  beds 
outcrop.     The  lower  bed  contains  1  foot  6  inches  of  weathered  lignite, 
and  the  upper  bed,  which  is  about  20  feet  higher  stratigraphicallj, 
contains  about  8  inches  of  Ugnite.    At  location  4,  in  the  W.  ^  sec.  M, 
a  bed  contains  about  1  foot  6  inches  of  lignite.     Several  thin  beds 
occur  lower  down  in  the  stratigraphic  section,  one  of  which  outcrops 
in  the  SE.  \  sec.  24  at  location  5,  where  it  carries  less  than  6  inches  of 
lignite.     In  sec.  26  a  thin  bed  of  Ugnite  included  in  about  40  feet  of 
somber-colored  sandstone  and  sandy  shale  is  exposed.     This  bed, 
however,  contains  only  about  10  inches  of  Ugnite.    The  following 
stratigraphic  section  was  measured  in  the  SE.  \  SW.  \  sec.  26: 

1  Locatlozu  of  points  at  which  lignite  sections  were  measured  are  shown  by  numben  an  the  maps  (Fb. 
XV  and  XVI);  and  the  sections,  numbered  correspondingly,  are  either  shown  In  PL  XVII  or  are  gtm 
In  the  text 
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Section  at  locatian  6,  in  the  SE.  i  SW.  i  tee.  i€,  T,  36  N,,  R.  48  E, 

Ft.      in. 

Glacial  drift  (containing  limestone  and  igneous  bowlden) 5+ 

Shale,  yellow,  sandy 2+ 

Shale,  dark  gray  (containing  gypsum) 2         8 

Shale,  gray,  sandy 18 

Shale,  brown 1         6 

Shale,  gray 8 

Lignite 10 

Shale,  gray 12-f 

Total 45+ 

Lignite 10 

T.  34  N.y  R.  48  E.—The  surface  features  of  T.  34  N.,  R.  48  E.  are 
very  similar  to  those  of  the  township  immediately  to  the  north. 
Poplar  River  flows  through  the  central  portion  of  the  township  in  a 
valley  about  2  miles  wide.  The  lignite-bearing  rocks  are  exposed 
only  at  a  few  places  and  no  fossils  were  found  in  them.  From  the 
general  character  of  these  strata  it  is  believed  that  they  probably 
belong  both  to  the  Lance  and  the  Fort  Union  formations'.  The 
boimdary  shown  on  the  map  (PI.  XV)  indicates  approximately  the 
areal  extent  of  each  formation.  So  far  as  could  be  determined  from 
the  outcrops  the  strata  lie  flat.  The  hiUs  in  the  western  part  of  th^ 
township  are  covered  with  small  quartzite  pebbles,  the  significance 
of  which  has  been  discussed  above.  The  area  was  at  one  time  covered 
by  the  continental  ice  sheet  and  therefore  is  now  generally  covered 
with  glacial  drift.  The  drift  contains  bowlders  and  fragments  of 
limestone;  quartzite,  sandstone,  lignite,  basalt,  granite,  and  schist. 
In  the  broad  vaUey  of  the  creek  which  traverses  sec.  18  the  drift  is 
40  feet  thick,  as  shown  in  a  well,  and  contains  bowlders  of  lignite, 
some  as  large  as  1  foot  in  diameter.  Measurements  of  lignite  beds 
were  very  difficult  to  obtain  owing  to  the  thick  cover  of  glacial  drift. 

A  thin  bed  of  lignite  outcrops  in  the  NE.  i  sec.  1  at  location  7, 
where  it  carries  1  foot  2  inches  of  lignite.  At  location  8,  in  the  SW.  i 
sec.  1,  a  bed  of  lignite  about  3  feet  thick  was  reported  in  a  well  at  a 
depth  of  about  30  feet.  Section  No.  9  (PI.  XVII,  p.  314)  shows  abed 
of  lignite  as  it  is  exposed  in  the  SE.  }  SW.  i  sec.  11.  The  bed  at  this 
place  contains  2  feet  of  much  weathered  lignite.  At  location  10,  in 
the  N  W.  i  sec.  16,  a  bed  of  lignite  less  than  10  inches  thick  is  exposed, 
the  outcrop  being  marked  for  a  considerable  distance  by  springs  and 
seeps.  Section  No.  11  was  measured  about  one-half  mile  west  of  the 
west  border  of  this  township,  or  near  the  north  quarter  comer  of  sec. 
24,  T.  34  N.,  R.  47  E.  TTiis  section  and  sections  Nos.  12  and  13, 
which  are  beUeved  to  be  on  the  same  bed,  show  an  average  thickness 
of  3  feet  Sections  Nos.  11  and  13  are  shown  in  Plate  XVII.  The 
thickness  of  the  lignite  at  location  12  is  the  same  as  that  at  location 
13,  though  the  bed  rests  on  carbonaceous  shale  at  location  12. 
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• 

T.  SS  N.,  R.  48  E.  (fractional). — The  area  comprised  in  fractionil 
T.  33  N.;  R.  48  E.  is  an  imsurveyed  strip  of  land  between  T.  34  N., 
E.  48  E.,  on  the  north  and  the  Fort  Peck  Indian  Reservation  on  ik 
south  and  includes  about  9  or  10  square  miles.  This  area  lies  mostif 
in  the  valleys  of  Poplar  River  and  a  small  tributary.  It  is  for  the 
most  part  rolling  and  grass  covered  but  is  broken  into  badland  Uufi 
along  the  smaller  streams.  The  lignite-bearing  rocks  probably  be- 
long to  both  the  Lance  and  Fort  Union  formations^  the  inferred 
boundary  between  which  is  shown  in  Plate  XV.  The  strata  have  a 
slight  easterly  dip.  Exposures  of  the  stratified  rocks  are  few,  owii^ 
to  the  general  cover  of  glacial  drift.  lignite  beds  and  other  adjacent 
strata  outcrop  in  sees.  3  and  5.  Section  No.  15  (PI.  XVII,  p.  314), 
which  was  measured  on  a  hill  in  sec.  5,  shows  3  feet  of  lignite,  bat 
the  bottom  of  the  bed  was  not  reached  owing  to  the  presence  of  water 
from  a  spring.  This  bed  is  higher  than  the  one  measured  in  sec,  3 
and  is  believed  to  be  in  the  Fort  Union  formation.  Section  No.  16 
was  measured  in  sec.  3,  at  a  strip  pit  from. which  considerable 
lignite  has  been  taken  within  the  last  few  years.  At  the  pit  the  bed 
ranges  in  thickness  from  1  foot  8  inches  to  2  feet  6  inches,  which  sug- 
gests that  it  is  elsewhere  variable  and  probably  belongs  to  the  Lanoe 
formation. 

•  Tps.  SS'S4  N.,  R.  49  E.—In  T.  33  N.,  R.  49  E.,  only  sees.  6  and 
6  were  examined  and  in  T.  34  N.  only  a  part  of  sec.  32.  The  lig- 
nite-bearing formation  is  believed  to  be  Lance.  It  outcrops  mainly 
in  a  coulee  just  north  of  the  reservation  line,  most  of  the  area  being 
covered  with  glacial  drift.  Section  No.  17  (PI.  XVII)  was  measured 
at  a  strip  pit  on  the  south  side  of  the  coulee,  where  the  bed  contains 
about  5i  feet  of  lignite.  The  pit  is  operated  by  farmers  who  live  in 
the  immediate  vicinity.  The  lignite,  which  is  poor  in  quality,  has 
not  been  carefully  mined,  and  a  great  deal  of  bone  has  been  excavated 
with  it  for  use  as  fuel.  Section  No.  18  (PI.  XVII)  was  measured  on  a 
bed  15  feet  higher  stratigraphically  than  the  one  at  the  strip  pit 
This  bed  is  associated  with  sandstone  and  carries  2  feet  4  inches  of 
fair  lignite. 

ABEA  NEAB  PLENTYWOOD. 

T.  S6  N.,  R.  62  E. — Big  Muddy  Oeek  flows  southeastward  across 
the  north-central  part  of  T.  35  N.,  R.  52  E.  Eagle  Creek,  a  tributarj 
of  the  Big  Muddy,  flows  into  the  township  in  the  SW.  i  sec.  6,  leaves 
it  in  the  NE.  i  sec.  6,  enters  it  again  near  the  north  quarter  comer  of 
sec.  5,  and  empties  into  the  Big  Muddy  near  the  center  of  this  section. 
The  township  in  general  is  very  rough,  having  a  reUef  of  about  400  feet 
The  interstream  ridges  in  the  southwestern  part  have  about  the  same 
altitude,  and  their  broad,  flat  tops  suggest  a  former  continuous  pbdn. 
The  remnants  of  this  plain  are  now  well  covered  with  glacial  drift, 
but  in  most  of  the  stream  valleys  in  the  central  and  northwestern 
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i>ions  of  the  township  outcrops  of  the  stratified  rocks  are  abundant. 
3  strata  consist  of  shale,  clay,  and  sandstone,  as  shown  in  the  seo- 
a  given  below.  The  dip  of  the  beds  southward  is  about  15  feet 
the  nule  as  shown  by  altitudes  determined  by  plane-table  traverse 
the  Redstone  lignite  bed. 

Section  at  loeatiUm  19,  in  the  8W.  }  8W.  }  see.  6,  T.  S5  JNT.,  R.  5t  E. 

Ft.      in. 

Shale  and  sandstone,  partly  concealed 60+ 

Sandstone,  hard 1      6 

Sandstone,  light  yellow,  friable 26 

Shale,  brown,  carbonaceous 4 

Shale,  gray 12 

Sandstone,  argillaceous 11      6 

Clay,  gray 10 

Shale,  brown 2 

lignite,  weathered 1     4 

Shale,  gray 4 

Shale,  gray,  finely  laminated 5 

Sandstone,  yellow,  friable 1      2 

Lignite 8 

Shale,  carbonaceous 1      6 

Shale,  gray,  sandy 11      6 

Shale,  black,  carbonaceous 10 

Shale,  gray,  sandy 5 

Shale,  brown 6 

Lignite 1      8 

Shale,  dark  gray 3 

Sandstone 1      9 

Shale ,  brown 3 

Lignite  (Kedstone) ". . .      2      8+ 

Talus 10 

Water  in  Eagle  Creek.  

155    10+ 

This  section,  however,  does  not  include  the  highest  strata  outcrdp- 
ig  in  the  township,  which  are  generally  concealed  by  glacial  drift. 
At  least  three  beds  of  lignite  outcrop  in  this  township.  The  lowest 
e  was  measured  in  the  NW.  J  NW.  J  sec.  8,  at  location  22,  where 
bot  7  inches  of  lignite  is  exposed.  About  50  feet  stratigraphically 
ove  this  bed  is  the  Redstone  bed,  which  is  mined  at  several  locali- 
8.  This  bed  was  measured  at  locations  19,  20,21,  25,  26,  and  29, 
d  the  sections  at  these  points  are  shown  graphically  in  Plate  XVII. 
e  bed  ranges  in  thickness  from  about  3  feet  to  nearly  5^  feet.  In 
3  NW.  }  NW.  1  sec.  8,  at  location  21,  this  bed  is  mined  by  a  com- 
lation  of  stripping  and  drifting.  The  Ugnite  at  this  place  is  very 
od  in  quality.  The  bed  is  also  mined  in  sec.  16  at  the  Bergh  mine 
cation  25),  where  it  attains  its  maximum  observed  thickness,  5 
)t  5  inches.  At  location  23,  a  well  in  the  bottom  of  a  coulee,  3  feet 
lignite  is  reported.  This  bed  is  probably  the  Redstone  bed.  Lig- 
rO  is  reported  in  a  well  at  location  24,  but  the  stratigraphic  position 
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of  the  bed  could  not  be  determined.  Sections  Nos.  27  and  28  wen 
measured  on  a  bed  about  80  feet  above  the  Redstone  lignite.  This  brf 
is  probably  the  same  as  that  measured  at  locations  30,  31,  33,  andSS, 
but  as  the  outcrops  are  isolated  this  correlation  is  not  certaii. 
The  sections  as  given  in  Plate  XVII  show  the  bed  to  range  in  tbkt 
ness  from  a  little  over  1  foot  to  more  than  4  feet.  Section  No.  32, 
measured  in  sec.  35,  is  on  a  bed  which  may  be  the  same  but  contaiii 
only  1  foot  4  inches  of  impure  lignite. 

T.  SB  N.,  R.  BS  £:.— Big  Muddy  Creek  flows  throu^  the  cental 
part  of  T.  35  N.,  R.  53  E.    It  meanders  widely  over  a  flat  which  i 
approximately  a  mile  in  width,  and  the  meanders  are  entrended 
from  15  to  18  feet.    About  30  feet  above  the  alluvial  flat,  on  the 
south  side  of  the  creek,  lies  a  terrace  which  is  generally  covered  iritk 
gravel  and  glacial  drift.    It  is  well  grassed,  in  places  cultivated,  ud 
the  soil  appears  to  be  very  good.    This  terrace  includes  parts  of  seOi 
16,  17,  19,  21,  22,  24,  25,  and  27.    Another  terrace  approximate 
150  feet  above  this  one  is  plainly  discernible  in  sees.  28,  29,  tad 
30.    A  still  higher  terrace,  which  is  about  250  to  300  feet  above  tbe 
Big  Muddy  Creek  flat,  is  present  in  sees.  1,  2,  3, 4,  5,  11, 12,  and  14 
of  this  township.    The  highest  part  of  this  terrace  lies  in  sec  14, 
where  a  deposit  of  quartzite  gravel  several  feet  thick  is  exposed.   M 
the  terraces  and  gentle  slopes  are  covered  with  glacial  drift,  which  m 
some  places  reaches  a  thickness  of  50  feet  or  more.    Exposures  of  the 
underlying  stratified  rocks  are  most  abundant  along  the  north  bluff 
of  Big  Muddy  Creek,  and  in  the  northern  part  of  sec.  14  badlands 
are  developed.    The  weathering  of  certain  clay  and  sandstone  beds 
at  this  place  gives  a  general  white  appearance  to  the  exposures  and 
the  locality  is  known  as  Chalky  Buttes.    The  beds  dip  about  15  feet 
to  the  mile  in  a  southeastward  direction. 

There  are  many  isolated  outcrops  of  thin  lignite  beds  in  this  town- 
ship. Sections  Nos.  36,  37,  and  38  were  measured  on  the  same  bed, 
which  probably  corresponds  with  the  bed  exposed  at  locations  33 
and  35  in  the  township  immediately  to  the  west.  These. sections  are 
shown  graphically  in  Plate  XVII  (p.  314). 

Another  thin  bed,  which  carried  about  6  inches  of  lignite,  was  meas- 
ured in  NE.  1  NW.  J  sec.  27,  at  location  42.  The  thickest  bed  ei- 
posed  in  this  township  was  measured  at  locations  39  and  40,  wheie  it 
is  3i  and  8  feet  thick,  respectively.  Section  No.  43  was  probabbf 
measured  on  the  same  bed  and  shows  a  thickness  of  3  feet  7  inches. 
These  sections  are  shown  in  Plate  XVII.  At  location  41,  in  the 
SW.  1  NW.  \  sec.  23,  Ugnite  is  reported  in  a  well,  but  the  thickness 
of  the  bed  is  not  known. 

T.  SB  N.J  R.  B4  E. — In  general  the  surface  features  of  T.  35  N.,  B. 
54  E.,  are  very  much  like  those  of  the  township  immediately  to  the 
west.    The  lowest  terrace,  which  in  the  township  to  the  west  is  about 
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30  feet  above  the  creek  flat,  is  in  this  township  about  50  feet  above  it. 
This  terrace  is  confined  to  sees.  19  and  20.  The  second  terrace  is 
about  175  feet  above  the  flood  plain  of  the  creek  and  is  well  marked  in 
sees.  25,  26,  27,  31,  34,  35,  and  36.  In  places  there  are  cUffs  about 
100  feet  in  height  at  the  edge  of  this  terrace,  but  in  general  the  slopes 
are  gentle  between  the  second  and  the  first  terraces.  The  highest 
land  in  the  township,  which  lies  in  sees.  8  and  9,  reaches  an  alti- 
tude of  about  300  feet  above  Big  Muddy  Creek.  Outcrops  of  the 
lignite-bearing  rocks  occur  along  the  small  creeks  in  the  northern  part 
of  the  township  and  in  deep  gullies  in  sees.  26,  32,  and  33  in  the 
southern  part  of  the  township.  Although  the  exact  stnicture  was 
not  determined  here,  the  strata  probably  dip  about  16  feet  to  the  mile 
to  the  southeast,  as  indicated  by  the  dip  in  the  township  to  the  east. 

Two  beds  of  lignite  that  outcrop  in  this  township  were  mapped  in 
sees.  25,  28,  32,  33,  and  34.  Section  No.  45  (PI.  XVII),  measured  in 
sec.  33,  shows  both  of  these  beds,  which  are  separated  by  15  feet  of 
sandstone.  At  this  place  a  strip  pit  on  the  lower  bed  has  been  worked 
for  local  use.  Section  No.  46,  in  sec.  32,  shows  the  thickness  of  the 
same  beds  at  that  place.  Another  bed  was  mapped  for  a  short  dis- 
tance in  sec.  25.  This  bed  is  not  exposed  in  this  township,  and  was 
mapped  by  inference  from  exposures  in  the  township  immediately  to 
the  east.  An  isolated  outcrop  of  a  thin  bed  of  lignite  at  location  44, 
in  the  NW.  J  NW.  1  sec.  5,  diows  1  foot  2  inches  of  lignite. 

T.  S4  N,f  R.  64  E, — Crazy  Horse  Creek  flows  in  a  northerly  direction 
through  T.  34  N.,  R.  54  E.,  its  source  being  just  outside  of  the  southern 
boundary.  In  sees.  20,  28,  31,  and  32  the  valley  is  smooth  and  grass 
covered  and  outcrops  of  the  lignite-bearing  rocks  are  scarce,  but  in 
sees.  5,  6,  7,  8,  17,  and  18  the  creek  flows  through  badlands  and  the 
rocks  are  well  exposed.  Sec.  7  is  especially  rough  and  the  relief  is 
from  300  to  400  feet.  The  central  portion  of  the  township  is  an 
undulating  plain  sloping  gently  toward  Crazy  Horse  Creek.  In  the 
eastern  part  of  the  township  two  hills  or  ridges  rise  about  150  feet 
above  this  plain,  one  in  sees.  2,  11,  14,  and  24,  and  the  other  in  sees. 
29  and  30.  They  are  very  nearly  of  the  same  altitude  and  suggest 
the  remnants  of  a  higher  plain  which  formerly  extended  over  a  con- 
siderable area.  The  hills  are  covered  with  quartzite  gravel,  which 
in  sec.  29  is  stratified  and  12  feet  thick.  The  township  is  generally 
covered  with  glacial  drift. 

The  badlands  in  the  northwestern  part  of  the  township  contain 
several  beds  of  carbonaceous  shale  but  no  Ugnite  beds  of  value. 
Several  isolated  outcrops  of  lignite  were  found  in  sees.  6  and  7,  but 
the  beds  were  not  of  sufficient  thickness  or  of  good  enough  quality 
to  justify  mapping.  At  location  47,  in  sec.  4,  however,  a  Ugnite  bed 
over  4  feet  thick  outcrops  (PI.  XVII)  and  is  mined  for  local  use. 
The  lignite  in  the  lower  portion  of  the  bed  is  of  fair  quaUty.     At 
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location  48,  in  sec.  5,  the  same  bed  outcrops,  but  a  reliable  mean» 
ment  could  not  be  obtained  on  account  of  erosion  and  slumpbg. 
Lignite  is  reported  25  feet  below  the  surface  in  a  well  at  location  4, 
in  sec.  9.     In  the  SE.  I  NW.  }  sec.  30,  at  an  isolated  outcrop  oti ' 
thin  lignite  bed,  1  foot  1 1  inches  of  lignite  is  exposed.     The  upper  pai 
of  the  bed  is  weathered  and  covered  with  glacial  drift,  however,  nd 
it  is  probable  that  tliis  measurement  does  not  include  the  entin 
thickness  of  the  bed. 

T.  SS  N.,  R.  S4  E.  {fractional).— Only  that  part  of  T,  33  N.,  R.  54E, 
which  lies  outside  of  the  Fort  Peck  Indian  Reservation  is  describid 
hero.  The  area  is  smooth  and  nearly  level  and  is  generally  grw 
covered.  No  outcrop  of  lignite-bearing  rocks  was  found  in  the  tcm- 
ship.  However,  as  the  land  is  high,  it  is  probable  that  the  beds  ai 
lignite  described  in  tlie  townships  to  the  north  and  west  dip  beneidi 
tliis  area  and  underlie  it  at  a  depth  of  less  than  500  feet. 

T.  35  N.,  R.  65  -&.— The  soutliwestem  part  of  T.  35  N.,  R.  55  R, 
is  traversed  by  Big  Muddy  Creek,  which  meanders  on  a  flat  about 
1}  miles  wide.     Except  for  the  valley  of  Spring  Creek,  a  tributiij 
of  this  stream,  the  remainder  of  the  siuface  of  the  town^iip  is  laig^ 
a  rolling  prairie.     The  lignite-bearing  formation  is  generally  con- 
cealed by  glacial  drift  from  a  few  inches  to  40  feet  thick.     Howevor, 
along  Spring  Creek,  which  flows  through  sees.  10,  15,  22,  21,  and  28, 
there  are  limited  exposures  in  which  beds  of  lignite  outcrop.     Along 
the  bluff  on  tlie  south  side  of  Big  Muddy  Creek  a  lignite  bed  outdopB 
at  several  places.     A  section  was  obtained  in  the  SW.  \  sec.  29  and 
is  given  below: 

Section  in  the  SW.  }  SW.  J  sec.  29,  T.  S5  -Y.,  R.  55  E. 

Sandstone.  P^^     j^_ 

Lignite 1      \ 

Shale 7 

Lignite  (Ricliardson) 3 

Shale,  yellow \j^ 

Covered 12 

Sandstone 15_^ 

Sandstone,  hard,  calcareous 4 

Sandstone,  cross-bedded,  friable 4g 

Shale,  light  gray g 

Shale,  carbonaceous 2 

Shale,  dark  gray,  containing  gypsum 4 

Sandstone,  white,  containing  streaks  of  clay ■  is      g 

Shale,  carbonaceous 4 

Shale,  light  gray 10+ 

Water  in  Big  Muddy  Creek.  . 

Total 116      6+ 

Lignite ,  4       i 

From  the  altitudes  determined  at  several  points  on  the  Richardson 
bed  the  strata  dip  southeastward  about  16  feet  to  the  mile.     At  least 
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two  beds  of  lignite  occur  in  this  township  at  a  depth  of  less  than  200 
feet.  The  lower  exposed  bed  (Richardson),  which  was  mapped  along 
Spring  Creek  and  in  the  bluffs  along  the  Big  Muddy,  is  represented 
by  sections  Nos.  52  to  58,  inclusive.  This  bed  ranges  in  thickness 
from  3  feet  4  inches  to  about  8  feet,  and  in>  general  the  quality  is 
better  on  the  south  side  of  Big  Muddy  Creek  than  it  is  on  the  north 
fflde  of  that  stream.  The  measurements  of  this  bed,  with  the  excep- 
tion of  No.  55,  are  shown  in  Plate  XYII.  At  location  55  stripping 
was  attempted  in  the  summer  of  1912,  but'  only  3  feet  4  inches  of 
badly  weathered  lignite  was  found.  The  bed  is  stripped  at  several 
places,  and  at  location  52  it  is  mined  by  drifting.  Tlie  mine  at  this 
place  is  owned  by  the  Pierce  brothers,  who  lease  it  to  miners.  A  sam- 
ple of  lignite  from  this  mine  was  obtained  and  its  analysis  is  shown 
as  No.  14670,  on  page  304.  Several  entries  have  been  driven  into  the 
hill  a  distance  of  about  400  feet,  and  lignite  has  been  taken  out  for 
a  number  of  years  and  sold  at  the  mine  for  $2  a  ton.  Owing  to  weath- 
ering the  lignite  is  not  of  the  best  quality,  and  in  the  NW.  J  NW.  J 
sec.  22  it  is  reported  to  be  almost  worthless.  South  of  Big  Muddy 
Creek  the  lignite  appears  to  be  less  weathered.  In  a  coulee  in  the 
SE.  i  sec.  12,  at  location  51,  lignite  is  found  in  a  well  at  a  depth  of 
18  feet  and  reported  to  be  3  feet  6  inches  thick.  The  same  bed  was 
struck  in  another  well  in  sec.  13,  about  200  yards  to  the  south. 

T.  S4  N.,  R.  56  E. — Big  Muddy  Creek  flows  southeastward  through 
the  center  of  T.  34  N.,  R.  55  E.  The  valley  is  narrower  here  than 
elsewhere  and  is  generally  bordered  on  either  side  by  steep  bluffs  or 
badlands.  In  the  vicinity  of  Antelope,  and  extending  along  the 
railroad  for  about  5  miles,  lies  a  broad,  gentle  depression,  probably 
representing  an  old  valley,  now  nearly  filled  with  glacial  material, 
which  suggests  the  former  course  of  Big  Muddy  Creek.  The  land  in 
this  valley  is  excellent  for  farming.  The  part  of  this  township  that 
is  shown  on  the  map  (PI.  XVI)  as  covered  by  glacial  deposits  is  a 
gently  rolling  plain.  The  land  in  sec.  19,  which  includes  the  highest 
area  in  this  township,  is  covered  with  quartzite  gravel.  Elsewhere 
the  surface  material  is  glacial  drift,  except  where  lignite-bearing 
rocks  are  exposed  along  the  valley  of  the  Big  Muddy  and  its  tribu- 
taries. A  section  of  the  stratified  rocks  as  measured  in  the  NW.  J 
sec.  28  is  given  below: 

Sectimi  in  the  NE.  J  NW.  }  aec.  28,  T.  34  N.,  R,  55  E. 

Drift.  rt.        In. 

Sandstone,  light  yellow,  maasive 60+ 

Shale,  sandy,  and  sandstone,  interbedded 10 

Sandstone,  friable 8 

Shale,  carbonaceous 3         4 

Li^te 2 

Shale,  carbonaceous 5 
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Ft       h 

Bone 4 

Shale,  dark  gray 24        4. 

Sandstone,  buff,  friable 2        • 

Sandstone,  hard T$ 

Sandstone,  buff,  friable 7 

Sand  and  shale,  light,  interbedded 31  «* 

Sandstone,  hard ]§.  ^ 

Shale,  light 5 

Shale,  carbonaceous 4        4  ^ 

Shale,  gray 12  *;, 

Shale,  drab 17  tr 

Shale,  gray,  containing  gypsum 2        |.9^ 

Shale,  brown,  hard ]§  ijS 

Shale,  brown,  hard,  containing  streaks  of  lignite 1        9  v  ;.■ 

Shale,  containing  streaks  of  limonite 6  ^^ 

Shale,  carbonaceous I     *:* 

Lignite I     ''f 

Shale,  gray 4  ^•■*"^' 

Sandstone,  yellow,  light 13       U  .  \ 

Lignite  (Richardson) 2+ 

The  strata  dip  southeastward  about  16  feet  to  the  mile  u  Aitit 
mined  from  altitudes  on  the  Richardson  lignite  bed.     Two  impaW 
beds  of  lignite  outcrop  in  the  township,  the  lower  one  (Ricfattdnn) 
being  represented  in  sections  Nos.  60  to  67  inclusive  and  the  hi^Mrbf 
section  No.  59.    At  location  59,  in  the  SW.  {  SW.  l  sec.  7,  lignite  htf 
been  taken  out  for  local  use.     At  the  time  of  the  examination  a  flhop 
had  covered  the  bed  with  many  feet  of  talus  and  a  measanBMDt 
could  not  be  made,  but  the  bed  is  reported  to  be  over  3  feet  lUdc 
The  Richardson  bed  can  easily  be  traced  by  its  clinker  and  also  bjiti 
outcrop  in  many  places  on  either  bluff  along  Big  Muddy  CaA^ 
About  one-fourth  mile  south  of  location  66  the  red  baked  day  and 
shale  caused  by  the  burning  of  the  bed  measured  17  feet.     Oa  tb 
west  side  of  Big  Muddy  Creek,  a  short  distance  north  of  the  lUchaid* 
son  mine,  the  clinker  is  40  feet  or  more  in  thickness.     This  lignite  M 
is  in  general  thicker  and  of  better  quality  on  the  west  aide  of  Bf 
Muddy  Creek  than  on  the  east.     It  is  thickest  in  the  vicinity  of  tb 
Richardson  mine  in  the  northern  part  of  sec.  21,  where  it  cairieB  oyV 
8  foet  of  lignite.     This  mine,  opened  in  1909,  is  at  present  operatad 
by  Fred  Richardson  and  M.  J.  Morris.     The  main  entry  is  about  400 
feet  long  and  nms  northwestward  from  the  opening.    Side  entM 
have  been  started.     A  sample  of  lignite  was  procured  from  this  nme 
Gocation  65)  and  its  analysis  is  given  as  Xo.  14614  on  page  14.    At 
location  63,  in  the  SE.  {  SE.  {  sec.  14,  a  strip  pit  is  o"*erated  lij 
farmers  in  the  vicinity. 

T.  SS  N.y  R.  55  E.  (fra^ional).— Only  that  part  of  T.  33  N.,  R.  UK 
which  lies  north  of  the  Fort  Peck  Indian  Reservation  is  deaenbad 
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here.  The  land  in  general  is  high,  sloping  in  the  eastern  part  of  the 
township  to  Big  Muddy  Creek.  The  Ugnite-bearing  rocks  outcrop 
in  sees.  2,  3,  and  4.  No  determinations  of  the  dip  of  the  beds 
were  made  in  this  township;  but  the  structure  is.  beUeved  to  be 
similar  to  that  in  the  township  to  the  north.  Sections  68  and  69 
were  measured  on  a  bed  of  lignite  which  has  been  mined  for  local  use 
at  the  localities  indicated  by  the  respective  numbers.  However, 
very  little  Ugnite  has  been  removed.  The  sections  of  the  bed  at  these 
places  are  shown  in  Plate  XVII.  This  township  is  believed  to  be 
underlain  by  the  lignite  bed  which  outcrops  along  Big  Muddy  Creek 
in  the  township  to  the  north,  as  well  as  other  lignite  beds  which 
outcrop  along  Big  Muddy  Creek  farther  west. 

DEVEIiOPMENT  AND  USB  OF  THE  UaNTTE. 

The  value  of  the  lignite  in  this  field  is  enhanced  by  the  shortage  of 
wood  and  also  by  the  lack  of  transportation  facihties  for  importing 
coal.  Fuel  is  difficult  to  obtain  and,  as  the  winter  season  is  long  and 
severe,  thin  beds  of  lignite  are  prospected  and  worked,  in  many 
places  even  where  they  are  weathered  and  impure. 

In  the  vicinity  of  Scobey  any  bed  is  considered  workable  by  the 
residents  that  is  a  foot  or  more  thick  and  is  near  enough  to  the  sur- 
face for  the  overburden  to  be  stripped  off  by  shovels  or  by  a  horse 
scraper.  Strip  pits  have  been  worked  in  the  SW.  J  SW.  J  sec.  1,  T. 
35  N.,  R.  48  E.,  and  in  the  NW.  J  SE.  J  sec.  3,  T.  33  N.,  R.  48  E.,  and 
in  the  NW.  }  sec.  5,  T.  38  N.,  R.  49  E.,  for  local  use. 

In  the  eastern  part  of  the  field  lignite  is  mined  by  stripping  and 
drifting  at  a  number  of  places,  as  indicated  on  the  map  (PI.  XVI)  and 
mentioned  under  the  township  descriptions.  The  most  important 
mines  in  this  area  are  the  Bergh  mine  Gocation  25),  near  Redstone, 
in  the  NW.  i  SW.  }  sec.  16,  T.  35  N.,  R.  52  E.;  the  Pierce  mine 
Oocation  52),  in  the  NW.  }  SE.  }  sec.  10,  T.  35  N.,  R.  55  E.;  and  the 
Richardson  mine  Gocation  65),  in  the  NW.  {  NE.  }  sec.  21,  T.  34  N., 
R.  55  E.  Although  the  drifts  at  these  places  have  been  driven  a 
considerable  distance,  no  unweathered  lignite  has  yet  been  obtained. 
The  lignite  sells  for  $2  a  ton  at  the  mine. 

The  use  of  the  lignite  in  this  field  is  largely  confined  at  present  to 
domestic  heating  and  cooking.  Lignite  has  been  used  with  success 
in  traction  engines  for  plowmg  and  threshing,  but  owing  to  its  property 
of  slacking  it  can  not  be  stocked  very  long  or  shipped  very  far.  Its 
future  development  will  depend  largely  on  the  appUcation  of  briquet- 
ting*  or  similar  methods  of  preserving  the  lignite  for  use  in  manu- 
facturing. 

1  Wright,  C.  L.,  Briquetting  tests  of  lignite:  Bar.  Mines  Bull.  14, 1912. 
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GEOLOGY  AND  COAL  RESOURCES  OF  THE  AREA  SOTJmll 
WEST    OF    CUSTER,    YELLOWSTONE    AND     BIGHOH 
COUNTIES,  MONTANA. 


By  G.  Shebbubne  Rogers. 


INTRODUCTION. 

The  area  described  in  this  paper  is  located  on  the  west  side  of  B^ 
horn  River,  Mont.,  in  the  angle  formed  by  its  junction  with  the  Ydkn^ 
stone  (fig.  9,  p.  294).  The  coal-bearing  strata  outcrop  on  Pine  Bidp 
in  the  form  of  a  comparatively  small  outlier  on  the  western  edge  rf  tb 
great  coal  field  which  covers  most  of  eastern  Montana.  O11I7A1 
northwestern  part  of  the  area  known  to  be  underlain  by  coal-bein| 
strata  was  examined,  further  work  being  prevented  by  the  beghmint 
of  cold  and  stormy  weather.  The  coal  in  this  district  is  a  fairiyhj^ 
grade  subbitimiinoiis  coal  and  compares  favorably  with  the  comintf' 
cial  varieties  now  sold  in  neighboring  markets.  Inasmuch  as  littk 
is  known  of  this  isolated  coal  field  the  results  of  the  writer's  exanuDt- 
tion  are  set  forth  in  this  paper,  although  only  about  one-third  of  the 
area  beUeved  to  be  coal  bearing  was  investigated. 

The  district  here  described  comprises  parts  of  Bighorn  and  Yellow- 
stone counties,  which  are  located  in  the  south-central  part  of  the 
State.  It  covers  an  area  of  125  square  miles,  only  6^  square  mileB 
of  which,  however,  is  underlain  by  coal.  As  shown  on  the  map,  the 
area  examined  comprises  those  portions  of  Tps.  3,  4,  and  5  N.,  Rs.  33 
and  34  E.,  lying  south  of  Yellowstone  and  west  of  Bighorn  riven, 
together  with  portions  of  Tps.  2,  3,  and  4  N.,  R.  32  E.,  and  of  T.2 
N.,  R.  33  E. 

The  Northern  Pacific  Railway  traverses  the  northern  portion  of  the 
field,  following  the  valley  of  Yellowstone  River.  Custer,  located  on 
the  railroad  in  sec.  1,  T.  4  N.,  R.  33  E.,  is  the  principal  town  and  is  the 
chief  market  center  for  the  country  within  a  radius  of  about  20  niile& 
Waco  is  a  smaller  settlement  about  8  miles  farther  west.  The  most 
important  wagon  road  in  the  field  is  the  old  Yellowstone  Trail,  whidi 
follows  the  railroad  from  Billings  to  Custer,  and  there,  owing  to  the 
difficulty  of  crossing  Bighorn  River  and  the  generally  rough  country 
to  the  east,  crosses  the  Yellowstone  and  traverses  the  comparatively 
flat  land  on  the  north  side.     The  road  to  Hardin,  a  thriving  townattt* 
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ated  on  the  Chicago,  Burlington  &  Quincy  Raikoad  at  the  point 
where  it  crosses  Bighorn  River,  about  30  miles  to  the  south,  runs  south- 
east from  Custer,  striking  the  valley  of  the  Bighorn  near  the  mouth  of 
Mission  Creek.  (See  map,  PI.  XVIII,  p.  326.)  Besides  these  two 
principal  roads  many  secondary  trails  lead  through  the  area,  the  best 
of  which  are  approximately  located  on  the  map. 

In  the  examination  of  this  area,  which  was  made  in  October,  1913,^ 
the  writer  was  ably  assisted  by  Messrs.  Wallace  Lee,  R.  C.  Moore,  and 
A.  H.  Sloan.  This  party  had  been  previously  engaged  in  the  detailed 
examination  of  a  large  area  lying  east  of  Bighorn  River  for  the  pur- 
pose of  classifying  the  public  domain.  Although  no  public  land 
remains  in  the  district  described  in  this  paper,  the  same  exact  field 
methods  were  used.  That  is,  after  carefully  prospecting  the  district 
for  coal,  the  outcrops  of  all  beds  thicker  than  18  inches  were  mean- 
dered by  stadia  and  plane-table  methods,  the  traverse  being  tied  to 
land  comers.  The  angle  at  which  the  beds  dip  was  determined  by 
means  of  a  careful  line  of  elevation  carried  throughout  the  traverse. 
The  coal  was  examined  at  short  distances  and  the  measurements 
recorded.  In  the  area  not  underlain  by  coal,  however,  no  traverse 
was  made,  and  the  positions  of  roads  and  creeks  shown  on  the  map 
(PL  XVIII)  are  taken  for  the  most  part  from  the  plats  of  the 
General  Land  Office. 

The  General  Land  Office  smveys  of  most  of  the  townships  in  this 
district  are  recent.  They  appear  to  be  accurate  and  satisfactory,  and 
the  cornerstones  are  generally  well  marked. 

TOPOGRAPHY.' 

The  dominant  topographic  feature  in  the  district  lying  in  the 
western  angle  of  Bighorn  and  Yellowstone  rivers  is  Pine  Ridge,  the 
northeastern  extremity  of  which  lies  within  the  area  described  in 
this  paper.  From  the  foot  of  this  high  and  abrupt  ridge  the  land 
slopes  more  gently  to  another  relatively  steep  escarpment  which 
limits  the  flat  bottom  land  along  the  two  rivers.     (See  PI.  XVHI.) 

Yellowstone  and  Bighorn  rivers  meet  at  a  rather  acute  angle,  and 
Pine  Ridge  constitutes  the  high  divide  between  them,  the  present 
shape  and  position  of  the  ridge  being  controlled  partly  by  the  geol- 
ogy. The  top  of  the  ridge  is  remarkably  level  and  rises  only  slightly 
to  the  south,  maintaining  an  average  height  of  about  1,100  feet  above 
the  rivers.  Because  of  the  level  character  of  its  crest  and  its  thick 
covering  of  gravel,  it  is  beUeved  to  represent  an  old  river  terrace. 
In  other  words,  at  some  time  in  the  past  the  river  beds  must  have 
been  about  1,100  feet  higher  than  at  present,  and  the  rivers,  in  mean- 

>  Alfhongh  this  work  was  done  In  1913  the  unavoidable  delay  in  publishing  the  volume  for  1912  has 
made  it  poMlUe  to  indnde  this  iwper  in  that  volume. 

s  The  Fort  Custer  topographic  sheet  of  the  U.  8.  Oeol.  Survey,  published  in  1894,  shows  the  aoathera 
portion  of  the  district  described  in  this  paper. 
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dering,  deposited  the  gravel  which  now  coTeis  Pine  Ridge.  Hie 
ridge  itself  rises  about  400  feet  above  the  immediately  sanoundiif 
country,  and  its  level  crest  is  in  this  district  conmionly  less  than  200 
feet  wide.  Its  slopes  are  everywhere  steep,  and  are  broken  into 
characteristic  rounded  hills.  The  foot  of  the  ridge  approximatfllf 
coincides  with  the  outcrop  of  the  coal  bed  south  of  the  large  fank 
shown  on  the  map  (PI.  XVIII),  the  northern  end  of  the  ridge  twiif 
located  in  sec.  6,  T.  3  N.,  R.  33  E.  Owing  to  the  steepness  of  the 
slopes,  the  narrowness  of  the  ridge,  and  its  heavy  covering  of  gravd, 
this  land  is  valuable  chiefly  for  grazing.  Numerous  springs  on  the 
east  slope  and  a  somewhat  smaller  number  on  the  west  serve  to  mib 
the  land  available  for  either  simmier  or  winter  range.  As  the  namB 
Pine  Ridge  implies,  its  slopes  are  covered  by  a  fairly  thick  growth  e( 
pine,  suitable  for  mine  timbers  and  other  rough  lumber. 

East  of  the  main  ridge  the  land  slopes  gently  toward  the  Bighon 
and  19  for  the  most  part  fairly  smooth.  Tlus  area  includes  the  greater  ; 
part  of  Tps.  3  and  4  N.,  R.  33  E.,  and  although  there  is  a  drop  of 
about  500  feet  in  a  distance  of  5  miles  or  less  much  of  the  land  is  suf- 
ficiently level  for  dry  farming.  In  the  extreme  eastern  part  of  these 
townships,  and  extending  also  into  R.  34  E.,  the  land  is  almost  pe^ 
fectly  flat  and  thinly  gravel  covered;  hence,  it  seems  to  represent 
the  first  terrace  above  the  present  river  bottoms.  The  east  and  north 
boundary  of  this  flat  area  as  approximately  indicated  on  the  map 
is  formed  by  a  steep  and  fairly  regular  escarpment  about  200  feet 
high.  It  is  particularly  well  marked  along  the  Bighorn  and  also 
along  the  Yellowstone  as  far  west  as  Sand  Creek.  At  the  foot  of  this 
slope  Ues  the  flood  plain  of  the  rivers,  ranging  in  width  from  half  a 
mile  to  2  miles.  This  bottom  land  is  level  and  fertile  and  is  now 
practically  all  imder  cultivation. 

The  district  east  of  Pine  Ridge  is  drained  chiefly  by  Idlssion  and 
Sorrel  Horse  creeks  and  a  large  creek  south  of  Sorrel  Horse  Creek 
These  streams  are  intermittent,  but  along  their  courses  springs  are 
fairly  common  and  on  Sorrel  Horse  strong  enough,  except  in  the  heat 
of  summer,  to  give  rise  to  a  flowing  stream. 

The  creeks  have  excavated  valleys  somewhat  narrow  in  proportion 
to  their  length  and  have  to  only  a  slight  extent  dissected  the  gentle 
slope  to  the  east  of  the  ridge.  A  striking  feature  of  this  drainage,  espe- 
cially near  the  headwaters  at  Pine  Ridge,  is  the  abundance  of  almost 
parallel  valleys.  Thus,  for  distances  of  2  or  3  miles  the  streams  flow 
within  a  mile  of  each  other,  and  at  the  foot  of  the  ridge  many  of  the 
smaller  coulees  flow  for  a  mile  or  more  within  1 ,000  feet  of  each  other. 
This  seems  to  be  due  to  the  steep  gradient  near  their  sources  and  to  the 
abundance  of  gravel  which,  being  homogeneous  in  character,  has  not 
interfered  with  the  natural  coiu^e  of  the  streams  as  detennincKi  by  the 
uniform  easterly  slope. 
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In  contrast  to  the  gentle  valley  slopes  of  Mission  and  Sorrel  Horse 
creeks  are  the  steep  gorges  of  Sand  Creek  and  the  other  northward- 
flowing  streams  that  drain  the  northern  end  of  Pine  Ridge.  Owing 
to  the  proximity  of  the  river,  which  causes  a  drop  of  about  700  feet  in 
a  distance  of  4  miles  or  less,  the  coulees  are  narrow  and  steep.  The 
area  at  the  north  end  of  the  ridge  is  therefore  strikingly  different  from 
that  on  the  gently  graded  east  slope  ^nd  is  dissected  into  almost  im- 
passable badlands.  The  lower  terrace  is  also  practically  obliterated 
in  this  district,  so  that  the  escarpment  shown  on  the  map  here  marks 
merely  the  limit  of  the  bottom  land  rather  than  a  well-developed 
terrace. 

The  small  area  lying  west  of  Pine  Ridge  is  drained  by  Reid  Creek,  a 
large  northward-flowing  stream,  which  has  bisected  the  northern  end 
of  the  ridge  and  which  flows  just  west  of  the  border  of  the  district. 

GBOIiOGY.* 


The  Lance  formation  outcrops  throughout  this  district,  except  in 
about  a  square  mile  in  the  southeast  comer,  where  Pierre  shale  is 
exposed.  Quaternary  gravel  in  many  places  overlies  and  partly 
conceals  the  older  formations.  (See  columnar  section,  PI.  XVIII, 
p.  326.) 

CBETACEOUS   SYSTEM. 


Although  an  important  formation  in  the  area  to  the  south,  the 
Pierre  shale  is  practically  negligible  in  this  district.  It  is  concealed 
by  the  flood  plain  of  Bighorn  River,  and  the  upper  boundary  shown 
on  the  map  is  inferred  from  the  boundary  exposed  on  the  opposite 
side  of  the  river.  The  Pierre  is  composed  almost  entirely  of  dark 
greenish-gray  shale  containing  abundant  limestone  concretions.  The 
fossils  inclosed  by  these  concretions  indicate  that  the  formation  is  of 
marine  origin. 

TEBTIARY    (?)    SYSTEM. 
LAHCX  FOBMATZOV. 

.The  Lance  formation  in  this  area  may  be  divided  into  two  parts, 
namely,  a  coal-bearing  member,  which  comprises  the  upper  250  feet, 
and  a  lower  portion  about  900  feet  thick.  This  distinction  is  made 
partly  on  lithologic  grounds  and  partly  because  of  the  slight  difference 
in  the  fossils  found  in  the  two  divisions. 

Lower  pari  of  (he  Lance  formation, — The  total  thickness  of  the  lower 
part  of  the  Lance  formation  was  not  accurately  measured  in  the  field, 
but  the  figure  given,  900  feet,  is  a  close  estimate.     This  portion  of  the 

i  A  mora  complete  description  of  the  geology  of  this  general  region  will  be  foand  in  a  forthcoming  bulletin 
t^  the  writer  on  the  geology  of  the  Tullock  Creek  coal  ileld,  Bosebud  Gooat^  I  tfnaV 
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formation^  as  shown  on  the  map,  outcrops  over  most  of  the  area  de- 
scribed in  this  report.  No  detailed  stratigraphic  section  was  made, 
but  the  following  facts  were  observed:  The  strata  consist  entireljof 
sandstone  and  shale,  and  contain  no  coal.  The  sandstone  for  tbe 
most  part  is  soft  and  yellow,  occurring  in  beds  from  1  to  50  feet  thick. 
Through  these  beds,  however,  are  scattered  numerous  lenses  of  hard 
gray  sandstone,  which  on  weat}iering  tend  to  stand  out  promindntly, 
forming  cap  rocks,  which  are  common  in  the  area  underlain  by  these 
strata.  These  cap  rocks  in  certain  localities  are  very  pCTsistent  and 
in  conjunction  with  the  soft  yellow  sandstone  form  prominent  es- 
carpments, which  locally  are  impassable  for  considerable  distances. 
In  general,  however,  the  sandstone  beds  are  lenticular  and  can  be 
traced  only  2  or  3  miles,  and  in  many  places  a  sandstone  30  or  40  feet 
thick  disappears  within  300  feet.  The  shale  which  alternates  with  die 
sandstone  beds  ranges  in  color  from  yellowish  gray  to  greenish  yellow, 
the  latter  tint  being  more  common  and  characteristic  of  this  portion 
of  the  Lance  formation.  In  the  upper  300  feet  of  the  section,  or  the 
portion  immediately  underlying  the  coal-bearing  member,  the  shale 
markedly  predominates  over  the  sandstone,  whereas  in  the  lower  600 
feet  the  amount  of  each  is  about  equal.  No  fossils  were  collected  in 
the  district  considered  in  this  report,  but  numerous  invertebrates 
found  in  these  strata  just  east  of  Bighorn  River  constitute  a  typical 
Lance  fauna. 

Coal-hearing  (upper)  member  of  the  Larice  formaiion. — ^The  coal- 
bearing  member  of  the  Lance  formation  resembles  the  lower  portion 
of  the  Lance  in  a  general  way,  but  certain  differences  are  apparent 
on  close  examination.  Although  the  sandstone  is  lithologically  simi- 
lar to  that  in  the  lower  portion,  it  commonly  occurs  in  beds  less  than 
20  feet  thick.  These  beds,  however,  are  much  more  persistent  than 
the  thicker  ones  which  are  common  in  the  lower  portion  of  the  forma- 
tion. The  shale  is  for  the  most  part  yellowish  gray  to  brownish,  the 
greenish  tint  beiag  unconmion.  Many  bands  of  carbonaceous  shale 
are  present  in  the  member,  most  of  which  contain  at  least  a  few  inches 
of  coal  or  bone.  The  base  of  the  member  is  marked  by  a  coal  bed, 
which  ranges  in  thickness  from  1 J  to  4  feet.  Although  none  of  the 
carbonaceous  bands  above  this  horizon  contain  more  than  a  foot  of 
coal  in  this  area,  as  many  as  eight  coal  beds  thicker  than  18  inches 
have  been  observed  in  the  district  east  of  Bighorn  River.  These 
strata  may  therefore  be  distinguished  in  the  field  from  those  of  the 
lower  portion  of  the  Lance  by  the  presence  of  carbonaceous  beds,  by 
the  generally  yellowish-brown  color  of  the  shale,  and  by  the  greater 
regularity  of  the  sandstone.  Furthermore,  fossils  are  less  numerous 
in  the  coal-bearing  member  than  in  the  lower  part  of  the  Lanoe,  and 
collections  made  east  of  Bighorn  Kiver  contain  a  fauna  slightly  diffe^ 
ent  from  that  which  is  typical  of  the  Lance  formation.    The  total 
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thickness  of  the  coal-bearing  member  is  not  present  in  this  district, 
the  maximum  observed  being  about  250  feet. 

QUATEBNABT  SYSTEM. 

The  oldest  unconsolidated  deposit  in  this  district  is  the  gravel  on 
Pine  Ridge,  which  is  about  1,100  feet  above  the  present  rivers.  It 
is  believed  to  be  Quaternary  in  age  because  of  its  close  resemblance 
to  later  undoubted  Quaternary  gravel  deposits.  The  great  amount 
of  erosion  which  has  taken  place  since  its  deposition,  however,  indi- 
cates that  it  is  either  early  Quaternary  or  possibly  late  Tertiary.  It 
is  made  up  for  the  most  part  of  pebbles  from  half  an  inch  to  3  inches 
in  diameter,  although  pebbles  6  or  8  inches  in  diameter  are  not  rare. 
There  is  also  an  interstitial  filling  of  fine  gravel  and  sand.  The 
thickness  of  the  gravel  is  difficult  to  estunate,  owing  to  the  fact  that 
it  constantly  slumps  down,  never  forming  cut  banks.  The  thickness 
of  40  feet  given  in  the  columnar  section  (PI.  XVIII,  p.  326)  probably 
represents  a  maximum,  and  the  average  thickness  is  probably  less 
than  30  feet.  As  mentioned  above,  the  gravel  has  exercised  a  dis- 
tinct influence  on  the  topography  and  drainage  and  is  constantly 
being  carried  down  and  reworked  by  the  streams  which  have  their 
sources  in  Pine  Ridge.  Probably  more  than  half  of  the  gravel  is 
composed  of  quartzite,  chert,  and  other  siUceous  rocks,  but  a  very 
wide  range  of  igneous  rocks  also  enters  into  its  composition,  and  all 
the  main  types,  from  rhyolite  to  pyroxenite,  have  been  observed  by 
the  writer. 

The  next  well-defined  Quaternary  deposit  is  the  gravel  of  the  lower 
terrace,  which  lies  at  a  height  of  about  200  feet  above  the  river. 
This  gravel  is  most  apparent  on  the  slope  and  at  the  foot  of  this  ter- 
race, having  been  almost  entirely  removed  from  its  flat  top.  It  is 
apparently  similar  in  every  way  to  the  gravel  on  Pine  Ridge.  As  it 
lies  close  to  the  railroad  it  may  at  some  time  become  valuable  for 
concrete  work,  for  which  it  would  be  adapted  after  screening.  The 
supply  is  practicably  inexhaustible. 

The  most  recent  deposit  in  the  district  is  the  alluvium  of  which 
the  present  bottom  land  is  formed.  It  is  a  rather  clayey  loam,  and 
its  fertility  makes  it  valuable  for  agriculture. 

8TBXTCTXJBB. 

In  a  general  way  the  area  described  in  this  paper  is  situated  near 
the  boundary  between  the  Great  Plains  district,  in  which  the  strata 
characteristically  lie  almost  flat,  and  a  piedmont  district  in  which 
the  strata  have  been  somewhat  disturbed  by  more  or  less  distant 
upheavals.    Thus  this  area  lies  at  the  extreme  northern  edge  of  the 

3e5*— Bull.  541—14 21 


322         COSTTBIBUTIONS  TO  ECONOMIC  GBOLOGT,  1912,  PART  IL 

90-caIIed  Bighorn  uplift,  the  center  of  which  is  about  70  miles  to  the 
south.  The  strata  dip  gently  to  the  north  and  east  at  an^es  stv- 
aging  about  1^. 

The  dip  is  monoclinal  in  general  character,  but  appears  to  be  inter- 
rupted in  places  by  minor  lolb,  one  of  which  crosses  the  southern  part 
of  this  area.  Thus  at  the  most  southerly  point  in  the  area  examined 
the  dip  is  slightly  to  the  south  (2  feet  in  1,000),  whereas  elsewhere  in 
the  field  it  is  about  1  °  to  the  north  or  northeast.  The  axis  of  this 
gentle  anticline  passes  through  sec.  36,  T.  3  N.,  R.  32  E.,  and  north  of 
this  point  for  at  least  8  miles  the  dip  is  uniformly  to  the  north  and 
northeast. 

The  dips  shown  on  the  map  (PI.  XVIU)  are  computed  from  nuIIle^ 
ous  elevations  determined  on  the  coal  bed,  and  as  they  are  all  low  are 
given  in  feet  in  1,000  feet  rather  than  in  degrees.^  The  dip  is  too  kv 
to  measure  with  a  cUnometer  except  locally,  and  accurate  data  are 
therefore  not  available  in  the  non  coal-bearing  area.  It  is  beHeved 
from  observations  made  on  the  east  side  of  Bighorn  River  that  the 
general  dip  throughout  this  area  is  in  a  direction  about  N.  20^  E.,  but 
that  it  decreases  north  and  east  of  Pine  Ridge  until  the  strata  along 
the  rivers  lie  almost  flat. 

Faults  are  not  uncommon  in  the  district,  and  it  is  probable  that 
those  shown  on  the  map  are  only  a  small  proportion  of  those  which 
actually  exist.  Owing  to  poor  exposures  and  to  the  lack  of  key  strata 
in  the  lower  part  of  the  Lance,  it  is  impossible  to  detect  faults  with- 
out very  careful  work,  and  none  are  mapped  except  in  the  coal-bea^ 
ing  area.  All  the  faults  found  are  approximately  parallel  to  the  strike 
except  the  one  in  sees.  19  and  30,  T.  3  N.,  R.  33  E.  This  fault  was 
mapped  infcrcntially  on  the  evidence  of  the  elevations,  which  show  a 
drop  of  about  75  feet  to  the  east,  but  although  its  position  could  not 
be  actually  seen  it  is  believed  that  it  is  located  within  dose  limits. 
The  small  fault  in  sec.  6,  T.  3  N.,  R.  33  E.,  is  clearly  visible,  however, 
as  is  also  that  in  sec.  13,  T.  3  N.,  R.  32  E.  Each  of  these  faults  has 
a  displacement  of  30  feet.  The  fault  in  sec.  7,  T.  3  N.,  R.  33  E.,  has 
a  total  displacement  of  76  feet  downthrown  to  the  south,  but  no 
trace  of  it  could  be  found  on  the  west  side  of  the  divide.  The  largest 
fault  is  that  which  repeats  the  coal  outcrop  at  the  north  end  of  the 
ridge.  Its  position  was  determined  with  reasonable  accuracy  at  a 
number  of  points  in  the  coulees  which  it  crosses,  the  displacement 
ranging  from  130  feet  on  the  west  to  100  feet  on  the  east.  These  two 
faults  apparently  inclose  a  block,  which  is  tilted  slightly  to  the  east 
as  would  be  expected  if  the  faults  die  out  to  the  west.  The  small 
fault  in  sec.  1,  T.  3  N.,  R.  32  E.,  has  a  downthrow  of  29  feet"  to  the 
south. 

1  A  dip  of  17.5  feci  in  1,000  feet  is  equivalent  to  a  dip  of  1*. 


GOAL  BESOUBCES  OF  AREA  SOUTHWEST  OF  CUSTEB,  MONT.    323 

All  these  faults  are  normal,  with  fault  planes  inclining  probably  less 

than  45^  from  the  vertical.    As  has  been  shown,  some  of  them  are 

step  faults  and  others  are  block  faults.     Several  other  small  breaks 

with  displacements  of  less  than  10  feet  were  observed,  mostly  at  the 

northern  end  of  the  ridge,  and  it  is  probable  that  the  simple  mono- 

clinal  dip  described  above  is  broken  in  many  places  by  similar  small 

faults. 

THE  COAIi. 

OOOTTBBBNCB  AND  OHABAOTBB. 

The  one  coal  bed  thicker  than  18  inches  in  the  area  examined  lies 
at  the  base  of  the  coal>bearing  member  of  the  Lance  formation. 
Above  this  bed  therefore  are  the  yellow  shale  and  generally  thin  sand- 
stone beds  of  this  member,  and  beneath  it  are  the  greenish  shale  and 
the  sandstone  of  the  lower  part  of  the  Lance.  The  generally  shaly 
character  of  the  strata  that  incloses  it  is  shown  in  the  sections  given 
below.  The  measured  sections  of  the  bed  itself,  shown  graphically  on 
Plate  XVIII,  are  numbered  to  correspond  with  the  locations  at  which 
the  sections  were  measured,  as  shown  on  the  map.  In  every  section  of 
the  bed  measured  a  parting  of  a  pecuUar  scmdy  carbonaceous  material 
was  found,  ranging  in  thickness  from  three-fourths  of  an  inch  to  1^ 
inches;  in  nearly  every  section  this  parting  is  located  from  1  to  10 
inches  below  the  top  of  the  coal  bed.^  The  most  notable  exception  is 
in  section  No.  10,  where  the  presence  of  a  lenticular  upper  bench  has 
caused  the  parting  to  assimie  a  position  below  the  middle  of  the  coal. 
The  bed  can  generally  be  easily  recognized  by  the  characteristic 
appearance,  thickness,  and  position  of  this  parting. 

1  RogBn,  O.  8.,  Oocurrenoe  and  genesis  of  a  peraistent  parting  in  a  ooal  bed  of  the  Lanoe  fonnation: 
Am.  Jour.  Sot,  4th  eer.,  voL  87,  p.  290, 1014. 
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Straiigraphie  sections  measured  across  the  coal  bed. 


BE.  I  MO.  7,  T.  S  v.,  &.  n  X. 

Ft.    in. 

Shale,  yellow 10 

Shale,  brown,  carbonaceous 3 

Shale,  yellow 4 

Shale,  brown,  carbonaceous,  with 

some  bone 3 

Shale,  yellow 8 

Sandstone,  yellow,  soft 6 

Shale,  gray 10 

Shale,  yellow 6 

Coal  (section  No.  6,  PL  XVIII).  3      2 

Shale,  carbonaceous 1 

Shale,  greenish  gray 20 


SW.iiM.tt,T.4VHB.nX. 

Ft.    in. 

Sandstone,  yellow,  soft 25 

Shale,  yellow 20 

Shale,  brown,  carbonaceous,  with 

some  bone 2 

Shale,  gray 7 

Bone 1 

Shale,  brown,  carbonaceous. .  —    2 

Coal  (section  No.  11,  PI.  XVIII)    2     1 
Shale,  brown,  carbonaceous. 1 


60     1 


74 


SW.  i  tec.  81.  T.  4  v.,  &.  SS  E. 


Center  W.  }  leo.  12,  T.  S  V,,  A.  8S  X. 

Feet. 

Sandstone,  yellow,  soft 4 

Shale,  yellow,  sandy 8 

Coal  (section  No.  19,  PL  XVIII). . . .    3 

Shale,  carbonaceous 2 

Shale,  yellowish  green. . .  1 5 

22 


Ft.    In. 

Shale,  yellcwish  gray 10 

Coal  (section  No.  14,  PL  XVIII)    1    10 

Shale,  carbonaceous 1 

Shale,  greenish  yellow 12 

Sandstone,  yellow,  soft 29 

53    10 

The  thickness  and  character  of  the  coal  bed  are  shown  in  the 
graphic  sections  on  Plate  XVIII.  These  sections  show  the  bed  to  bo 
thicker  than  18  inches  everjrwhere  except  in  the  center  of  the  north- 
em  part  of  the  ridge  and  to  consist  for  the  most  part  of  clean  coal 
not  badly  broken  by  partings.  These  sections  show  the  actual 
measurements  of  the  bed,  but  on  figure  10  are  shown  the  isopachous 
lines  ^  or  thickness  contours,  which  are  a  device  for  showing  at  a 
glance  the  estimated  thickness  of  the  bed  at  any  point.  In  drawing 
these  contours  the  measured  sections  of  the  bed  were  first  evaluated 
in  terms  of  soHd  coal  without  partings,  according  to  the  method 
of  the  land-classification  board  of  the  United  States  Geological 
Survey.  This  is  done  on  the  broad  assumption  that  in  mining  the 
cost  of  removing  a  parting  is  generally  about  equal  to  the  profit  on  a 
similar  thickness  of  coal,  so  that  to  obtain  the  thickness  of  coal  which 
may  profitably  be  mined  an  inch  of  coal  should  be  disregarded  for 
every  inch  of  parting.  Thus,  24  inches  of  coal  separated  in  the  center 
by  3  inches  of  shale  is  considered  to  be  equivalent  in  value  to  21 
inches  of  soUd  coal.  All  the  measured  sections  have  been  thus 
treated,  and  the  results  are  given  in  figure  10.  By  grading  between 
these  sections  the  points  were  estabUshed  at  which  the  coal  is  thought 
to  be  18, 24,  and  30  inches  thick,  and  so  on,  and  lines  were  then  drawn 


1  An  isopacbous  line,  in  tbo  sense  bcre  used,  is  an  imaginary  lino  connecting  the  points  at  which  the  cobI 
bed  is  of  equal  thickneas. 
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connecting  these  points.  Thus,  at  all  points  along  the  30-iiich 
contour  the  coal  bed  is  beUeved  to  be  30  inches  in  thickness,  calculated 
on  the  above  basis,  and  between  the  30  and  36  inch  contours  the 
bed  is  believed  to  be  between  30  and  36  inches  thick  and  to  average 
33  inches.  For  example,  the  south  quarter  comer  of  sec.  12,  T.  3  N., 
R.  32  E.,  lies  almost  halfway  between  these  contours,  so  that  although 
the  coal  is  concealed  at  that  point  it  may  be  inferred  that  it  is  32 
or  33  inches  thick.  The  value  of  these  contours  depends  of  couise 
upon  the  number  and  relative  positions  of  the  measured  sections 
upon  which  they  are  based,  and  as  in  the  area  under  consideration 
many  sections  have  been  measured  at  favorable  locations,  it  is 
believed  that  the  contours  are  reliable  and  fairly  accurate. 

These  contours  show  that  the  bed  is  thickest  in  sec.  32,  T.  4  N., 
R.  33  E.,  but  that  most  of  the  central  portion  of  the  ridge  is  under- 
lain by  coal  between  36  and  39  inches  in  thickness.  The  bed  k 
thinnest  in  a  long  cmbayment  from  the  north,  where,  in  sec.  31, 
T.  4  N.,  R.  33  E.,  it  is  less  than  18  inches  thick.  In  the  southern  part 
of  the  area  the  bed  is  also  thin  but  appears  to  become  somewhat 
thicker  farther  south. 

Thickness  contours  roughly  define  the  limits  of  the  ancient  swamp 
in  which  the  coal  was  deposited.  Inasmuch  as  the  contours  in  Uus 
area  are  concentric  in  character  and  appear  to  close  within  a  short 
distance  beyond  its  borders,  it  may  be  inferred  that  the  center  of 
the  swamp  was  not  far  distant.  Owing  to  the  small  size  of  the  area 
examined  the  data  gathered  are  hardly  sufficient  for  any  statement 
as  to  the  thickness  of  the  coal  to  the  west  or  south,  but  if  the  center 
of  the  swamp  was  located  within  this  district  it  is  reasonable  to  sup- 
pose that  the  coal  is  thinner  in  those  directions.  On  the  other  hand 
it  must  be  remembered  that  other  swamps,  semi-independent  in 
character,  may  have  existed  contemporaneously,  and  hence  that, 
although  the  coal  bed  decreases  in  thickness  for  a  few  miles,  it  may 
farther  on  become  thicker.  Furthermore,  it  is  possible  that  the 
overl}dng  carbonaceous  zones,  which  in  this  field  are  of  no  value,  may 
at  a  distance  of  a  few  miles  carry  several  feet  of  coal.  It  is  evident, 
therefore,  that  no  rehable  generahzations  can  be  made  before  the 
adjacent  areas  are  examined. 

The  strata  above  the  base  of  the  coal-bearing  member  in  this  area 
do  not  contain  any  coal  beds  more  than  a  foot  thick.  At  locality  10 
an  upper  bench  of  the  main  coal  bed  is  exposed,  and  this  is  repre- 
sented in  other  locahties  by  a  carbonaceous  streak  a  few  feet  above 
the  horizon  of  the  sandy  parting.  About  30  feet  above  the  principal 
bed  are  two  fairly  constant  carbonaceous  beds  (see  section  measured 
in  the  SE.  i  sec.  7,  T.  3  N.,  R.  33  E.,  on  p.  324),  but  neither  of  these 
beds  contains  more  than  6  inches  of  coal.  A  detailed  section  of  one 
of  them  is  as  follows: 
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Section  ofooal  bedin  NW.  i  iee,  IS,  T.  3  N.,  R,  St  E. 

Ft.  in. 

Shale,  carbonaceouB 11 

Coal 2 

Shale,  gray 4 

CoaA 3 

Clay,  white IJ 

Bone 10 

Shale,  yellow.  '■ 

2      7J 

Above  this  bed  occur  several  lenticular  carbonaceous  streaks,  con- 
taining at  certain  places  a  few  inches  of  coal  but  nowhere  attaining 
economic  importance. 

QXTAIiXTY  OF  THE  COAL. 

The  coal  of  this  field  is  of  good  subbituminous  grade.  It  has  no 
visible  woody  structure  and  is  black  in  streak  as  well  as  in  color.  It 
has  a  bright  vitreous  luster  and  weathers  in  the  platy  manner  charac- 
teristic of  subbituminous  coal.  It  is  brittle  when  fresh,  and  most  of 
it  is  clean  and  fairly  pure. 

In  this  area  no  opportunity  was  afforded  the  writer  of  observing 
the  behavior  of  perfectly  fresh  coal  when  exposed  to  the  air,  but  from 
facts  observed  east  of  Bighorn  River  it  seems  probable  that  it  would 
check  within  a  month  or  so  and  would  partly  fall  to  pieces  if  too 
roughly  handled.  The  checking  that  takes  place  within  the  first  few 
months  after  the  coal  is  mined  does  not,  however,  entirely  penetrate 
it,  but  rather  tends  to  form  a  protective  coating  around  a  core  of 
unchecked  material  beneath.  If  proper  precautions  are  observed  in 
moving  it,  therefore,  this  coal  should  form  a  fairly  satisfactory  fuel. 
It  is  possibly  somewhat  ''light"  for  a  good  forced-draft  steam  coal, 
but  it  might  be  successfully  used  in  stationary  engines  and  as  domestic 
fuel.  If  it  ever  commfi^ids  a  distant  market,  however,  it  is  probable 
that  closed  cars  will  be  needed  for  shipment. 

This  coal  in  physical  appearance  and  in  inferred  stocking  qualities 
is  superior  to  that  mined  near  Sheridan,  Wyo.  It  resembles  closely 
the  Roundup  and  other  coal  mined  in  the  Bull  Mountains,  about  50 
miles  northwest  of  this  area.  It  is  probably  somewhat  inferior,  how- 
ever, to  the  Red  Lodge  and  Bear  Creek  coal,  which  is  extensively 
mined  about  80  miles  southwest  of  this  field. 

As  no  development  work  has  been  done  in  this  area  there  was  no 
chance  of  obtaining  a  sample  of  fresh  coal  for  analysis.  At  a  point 
about  20  miles  northeast  of  Pine  Ridge,  however,  a  sample  was 
obtained  by  blasting  8  feet  back  under  a  heavy  sandstone  bed.  The 
coal  in  that  district  appears  to  be  somewhat  lower  in  quality  than 
that  in  this  area,  and  the  calorific  value  of  the  sample  was  furthermore 
undoubtedly  impaired  by  its  slightly  weathered  condition.  This 
sample  in  the  air-dried  condition  yielded  9,376  British  thermal  units, 
and  taking  the  above  facts  into  consideration  it  is  probable  that  per- 
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fectly  fresh  coal  (air  dried)  in  this  area  would  give  over  10,500  British 
thermal  units,  nearly  the  heat  value  of  the  average  Bull  Mountain 
coal. 

QXTANTITY  OF  THE  COAL. 

On  figure  10  the  thickness  contours  of  this  coal  bed  are  shown, 
and  the  principle  of  their  construction  has  been  described  above. 
As  the  outcrop  of  the  bed  is  a  rather  sinuous  line  entirely  surrounding 
the  coal  area,  and  as  23  accurate  measurements  of  the  coal  were  made 
along  the  outcrop,  it  is  believed  that  these  thickness  contours  are 
located  with  considerable  accuracy,  and  that  they  form  the  best 
basis  for  computing  the  tonnage.    The  area  of  the  coal  land  between 
each  two  of  these  contours  was  separately  determined,  and  the 
thickness  of  the  coal  in  each  area  was  assumed  to  be  the  average 
between  the  two  inclosing  contour  lines.    On  this  basis  it  is  estimated 
that  there  is  a  total  of  20,869,760  tons  of  coal  in  this  field,  of  wbich 
at  least  60  per  cent  is  recoverable 

OX7TLOOK  FOB  DEVEZX>FMBNT. 

At  the  present  time  practically  no  development  work  has  been  done. 
In  the  SE.  {  sec.  19,  T.  3  N.,  R.  33  E.,  the  coal  has  been  opened,  but 
work  was  stopped  after  driving  the  entry  about  5  feet. 

On  figure  10  is  shown  the  thickness  of  the  coal  bed  at  all  localities  in 
the  coal-bearing  area.    The  bed  reaches  a  maximum  of  54  indies  in 
sec.  32,  T.  4  N.,  R.  33  E.,  and  this  locality  has  the  added  advantage 
of  being  nearest  to  the  railroad  (PI.  XVIII) .    On  the  other  hand,  there 
is  not  a  great  body  of  coal  in  that  district,  and  the  cover  averages  less 
than  40  feet,  so  that  the  coal  is  probably  more  weathered  than  in  the 
area  to  the  south.    Furthermore,  faults  seem  to  be  more  common, 
and  the  thickness  of  the  coal  is  more  variable.    For  a  mine  of  any 
size,  therefore,  the  area  at  the  head  of  Mission  and  Sorrel  Horse  creeb 
would  probably  be  the  most  favorable.     As  the  dip  to  the  northeast 
is  fairly  constant,  the  entry  should  be  driven  from  the  east  side  of  the 
ridge  in  order  to  take  advantage  of  the  natural  drainage  and  to  lessen 
the  cost  of  hauling  out  the  loaded  cars.     Springs  are  common  along  the 
coal  bed,  and  it  is  probable  that  the  water  would  be  a  constant  source 
of  trouble  in  an  entry  driven  from  the  west  or  down  the  dip.     In  the 
area  south  of  Sorrel  Horse  Creek  the  coal  is  somewhat  thinner,  and 
owing  to  the  northerly  dip  the  bed  is  within  60  feet  of  the  top  of  the 
ridge. 

As  stated  above,  the  coal  in  this  bed  seems  to  be  superior  in  quality 
to  that  mined  near  Sheridan,  Wyo.,  and  to  be  nearly  equal  to  the 
Bull  Mountain  coal.  It  is  probably  inferior,  however,  to  the  Red 
Lodge  and  Bear  Creek  coal,  which  sells  in  Custer  for  less  than  $3  a  ton. 
At  the  present  time  it  would  be  impossible  to  mine  it  in  competiticm 
with  these  coals,  owing  to  the  long  haul  to  the  railroad,  and  its  com- 
mercial importance  is  therefore  dependent  largely  on  better  transpor- 
tation facilities. 


COAL  DISCOVERED  IN  A  RECONNAISSANCE  SURVEY 
BETWEEN  MUSSELSHELL  AND  JUDITH,  MONTANA. 


By  C.  F.  BowEN. 


INTRODUCTION. 

As  coal-bearing  formations  were  known  to  be  exposed  in  the  cen- 
tral part  of  Montana,  between  Missouri  and  Yellowstone  rivers,  an 
examination  of  this  area  was  undertaken  in  1912  in  order  to  obtain 
definite  information  regarding  the  quantity  of  the  coal  and  the 
extent  of  the  beds.  This  examination  has  shown  that  the  coal  is 
confined  to  the  area  north  of  the  Judith  Mountains,  that  the  beds 
are  thin  and  few  in  number,  and  that  the  coal  is  of  low  grade.  The 
field  is  therefore  not  of  commercial  importance. 

The  area  lies  in  the  central  part  of  Montana  and  ranges  from  less 
than  1  mile  to  about  30  miles  in  width.  It  extends  from  Musselshell, 
on  Musselshell  River,  northwestward  to  Judith,  at  the  mouth  of  Judith 
River  on  the  Missouri,  a  distance  of  about  125  miles.  This  area  is 
about  1,400  square  miles  in  extent.  Its  geographic  location  is  shown 
on  the  index  map  (fig.  9,  p.  294). 

The  purpose  of  this  report  is  to  give  a  brief  account  of  the  stratig- 
raphy and  coal  resources  of  the  formations  in  the  area  above  described. 
A  more  detaUed  report  on  the  stratigraphy  and  age  of  the  formations 
is  in  preparation  and  will  be  published  later.  The  field  work  on 
which  this  report  is  based  was  done  during  the  period  from  June  25 
to  August  5,  1912,  and  was  in  the  nature  of  a  careful  reconnaissance 
survey. 

The  mapping  was  done  by  Harvey  Bassler  and  the  writer.  The 
residents  of  the  region  were  courteous  and  hospitable  and  furnished 
much  information  that  was  of  value  in  carrying  on  the  work,  for 
which  the  writer  here  expresses  his  acknowledgments. 

In  1853  Hayden  did  his  first  work  in  the  upper  Missouri  region. 
Following  him.  Cope,  C.  A.  White,  Poale,  Marsh,  and  others  studied 
the  section  along  Missouri  River  but  did  not  attempt  detailed  map- 
ping of  the  individual  formations.     In  recent  years  more  detailed 
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work  has  been  done  in  this  and  adjacent  areas  by  Stanton  and 
Hatcher/  W.  R.  Calvert,*  and  C.  T.  Lupton.* 

As  a  rule  the  township  boundaries  in  this  area  are  well  establiahei- 
The  subdivisions  of  the  townships,  however,  are  for  the  most  part 
unsatisfactory,  except  where  the  original  surveys  are  comparatiydy 
recent  or  where  resurveys  have  been  made. 

The  United  States  Geological  Survey  is  preparing  a  map  of  Hie 
United  States  on  the  scale  of  about  16  miles  to  the  inch,  and  part  of 
this  map  was  enlarged  to  a  scale  of  4  miles  to  the  inch  and  used  asa 
base  for  geologic  mapping.  The  land  lines  and  the  drainage  on  tins 
map  are  fairly  accurate.  The  slight  discrepancies  which  occur  are  so 
small  that  they  do  not  appreciably  affect  the  accuracy  of  the  map  on 
the  scale  on  which  it  is  her,e  published,  and  therefore  no  adjustments 
were  made. 

Horizontal  control  for  geologic  mapping  was  furnished  by  the  land 
siu*vey.  A  main  stadia  traverse  was  carried  throughout  the  area  and 
was  tied  to  land  comers  generally  not  less  than  once  in  each  township. 
A  Johnson  plane  table  and  telescopic  alidade  were  used  in  running 
the  traverse.  Side  traverses,  which  were  tied  to  the  main  traverse 
and  to  land  comers,  were  made  by  horse  pacing  and  by  triangulation, 
a  15-inch  plane  table  and  open-sight  alidade  being  used  for  the  woriL 
By  these  methods  the  structure  was  platted  and  the  boundaries  of  the 
formations  of  the  Montana  group  were  mapped,  but  no  attempt  was 
made  to  map  or  study  the  formations  above  and  below  the  Montana. 
The  map  thus  prepared  is  reproduced  here  as  Plate  XIX.  On  it  the 
formation  boundaries  are  represented  by  soUd  lines  where  they  are 
located  with  considerable  accuracy  and  by  broken  lines  where  their 
location  is  only  approximate. 

Although  the  country  is  very  sparsely  settled,  satisfactory  wagon 
roads  connect  the  post  offices  and  the  large  stock  ranches  and  funush 
a  ready  route  of  travel  throughout  the  field. 

The  Chicago,  Milwaukee  &  St.  Paul  Railway  passes  through  the 
southeast  comer  of  the  area.  A  branch  of  this  road  built  several  years 
ago  from  Harlowton  north  to  Lewistown  has  been  extended  north  to 
Hilgcr  and  is  now  under  construction  to  Roy.  The  construction  of  a 
branch  line  from  Lewistown  east  to  Winnett  is  also  contemplated. 

TOPOGRAPHY. 

The  area  Ues  wholly  within  the  plains  region,  although  it  is  not  far 
removed  from  several  important  mountain  masses  which  have  influ- 
enced its  topography,  drainage,  and  structure.    Broadly  considered, 

1  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  The  geology  and  paleontology  of  the  Judith  River  beds:  U.  8. 
Geol.  Survey  Bull.  257, 1905. 

*  Calvert,  W.  R.,  Geology  of  the  Lewistown  coal  field,  Mont.:  U.  S.  Geol.  Survey  Bull.  390, 1900. 

s  Lupton,  C.  T.,  The  eastern  part  of  the  Bull  Mountain  coal  field,  Mont*  U  S.  Oeol.  Survey  BuU.  431, 
pp.  16a-189, 1911. 
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the  topography  is  that  of  an  iineyen  plain  more  or  less  dissected  by 
streams,  but  locally  there  is  a  considerable  development  of  badland 
forms,  which  occur  where  the  Eagle  sandstone  or  Judith  River  forma- 
tion is  exposed  at  the  surface  in  a  comparatively  flat-lying  attitude, 
as  in  the  area  between  Willow  and  Hat  Willow  creeks,  or  near  the 
larger  drainage  lines,  as  along  Judith  River. 

The  drainage  belongs  to  the  Missouri  River  system,  and  the  streams 
enter  that  river  either  directly  or  indirectly  by  way  of  Musselshell 
River.  The  principal  streams  tributary  to  Musselshell  River  are 
Willow,  Flat  Willow,  McDonald,  and  Boxelder  creeks.  These  streams 
rise  in  the  Big  Snowy  and  Judith  mountains  and  flow  eastward  across 
the  plains  to  the  Musselshell,  which  enters  the  Missouri  a  few  miles 
east  of  the  eastern  boundary  of  the  area  represented  on  Plato  XIX 
(p.  336).  The  northwestern  part  of  the  area  is  drained  by  Judith  River 
and  Dog  Creek,  which  rise  in  the  mountains  and  flow  northward  to 
Missouri  River. 

GEOIiOGY. 

STBATIGBAPHY. 

Rocks  ranging  in  age  from  Carboniferous  to  Tertiary  are  exposed  in 
the  area  lying  between  the  crests  of  the  Big  Snowy  and  Judith  moim- 
tains  on  the  west  and  Musselshell  River  on  the  east.  As  no  detailed 
study  was  made  of  any  formations  except  those  of  the  Montana 
group,  this  discussion  is  confined  primarily  to  these  rocks  and  only 
brief  mention  is  made  of  the  immediately  subjacent  and  superjacent 
formations.  The  formations  of  the  Montana  group  and  their  strati- 
graphic  relation  in  north-central  Montana  were  described  by  Stanton 
and  Hatcher  ^  in  1905.  Their  grouping  of  the  formations  is  followed 
in  this  paper.  Dr.  Pealo,*  in  a  paper  on  the  stratigraphic  position  and 
age  of  the  Judith  River  formation,  dissents,  however,  from  Stanton 
and  Hatcher's  conclusions.  The  succession,  thickness,  and  character 
of  these  formations  as  determined  by  the  writer  in  this  field  are  pre- 
sented in  the  following  table: 

>  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  op.  cit. 

>  Peale,  A.  C,  The  stratigraphln  position  and  age  of  the  Judith  River  formation:  Jour.  Geology,  vol.  20, 
pp.  630-549, 640-652, 738-757, 1912. 
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sandstones  along  Missouri  aod  Jndltii  riven  tit 
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In  the  northern  part  of  the  field  the  Eagle eoDsiiti 
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stone  with  some  shaly  memoers.  a  middle  divt* 
slon  of  dark-colored  shale  containing  thin  bids 
of  carbonaceous  shale  and  coal,  and  a  lower  di- 
vision, about  120  feet  thick,  of  white  to  tafl 
massive  to  heavy-bedded  sandstone. 

In  the  southern  part  of  the  field  the  oarixnaeeooi 
shale  is  replaced  bv  thin-bedded  shaly  stfd- 
stone  and  the  basal  sandstone  Is  dirty  grny  to 
brownish  in  color. 

Fossils  are  rare,  but  a  few  marine  tnvertebnttf 
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In  Its  upper  part  the  Cdorado  Is  a  black  maiiM 
shale  with  alternating  thin  beds  of  sandy  sbato 
and  sandst<Hie.  At  one  locality  examined  a  cal- 
careous fosslllftfous  sandstone  occurs  In  the  up- 
per part  of  the  formation.  BacoUtes  sp..  Jh^ 
nia  orbietUata,  Oprodi*  eonradU  Imteenmmt  44^ 
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a  Lupton,  C.  T.,  loc.  cit. 


5  Not  measured. 


The  width  of  outcrop  and  the  surface  distribution  of  the  forma- 
tions which  are  controlled  by  structure  and  erosion  are  shown  on 
the  map  (PL  XIX).  Where  the  structure  is  monoclinal  and  the  dips 
steep,  as  along  the  north  side  of  the  field  east  of  Black  Butte,  the 
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width  of  outcrop  of  the  entire  Montana  group  may  be  less  than  1 
mile.  In  such  places  the  Eagle  sandstone  and  Judith  River  formar 
tion,  because  of  their  greater  resistance  to  erosion,  form  hogback 
ridges  whose  crests  are  marked  by  sandstone  ledges,  whereas  the  soft 
shales  of  the  Claggett  and  Bearpaw  formations  occupy  valleys.  In 
proportion  as  the  dip  decreases  the  width  of  outcrop  of  the  forma- 
tions increases,  and  where  the  slope  of  the  surface  accords  with  the 
dip  the  width  of  outcrop  of  a  given  formation  may  be  many  miles 
across.  These  conditions  are  illustrated  by  the  width  of  outcrop  of 
the  Judith  River  formation  northwest  of  Roy  In  such  places  the 
Judith  River  strata  are  commonly  eroded  into  badland  forms  so  that 
the  formation  is  well  exposed  and  easily  traced.  Jn  some  places,  as 
at  Hilger,  the  formations  occupy  synclinal  depressions  between  moun- 
tain uplifts;  this  structure  gives  rise  to  a  wide  outcrop  of  the  forma- 
tion occupying  the  central  part  of  the  synclinal  depression,  though 
the  dips  near  the  mountains  may  be  comparatively  steep. 

For  the  most  part  the  formations  are  well  exposed  throughout  the 
iSeld.  Because  of  this  condition  they  can  be  followed  almost  con- 
tinuously and  there  is  no  difficulty  in  correlating  outcrops.  The 
diief  exceptions  to  the  above  statements  occur  at  the  crossing  of 
stream  valleys  and  along  the  base  of  the  Judith  and  North  Moccasin 
mountains.  Near  these  mountains  the  formations  are  more  or  less 
obscured  by  bench  gravels,  so  that  the  outcrops  may  be  separated 
by  considerable  distances,  and  there  is  in  places  considerable  discord- 
ance in  dip  and  strike  between  two  successive  exposures.  These 
conditions  render  the  exact  position  of  the  beds  beneath  the  covered 
area  more  or  less  imcertain,  but  there  is  conunonly  Uttle  doubt  as  to 
the  formation  to  which  an  outcrop  belongs. 

STBXTCTTTBE. 

The  dominant  structure  in  the  eastern  part  of  the  area  is  a  broad 
symmetrical  anticline  on  which  are  superimposed  several  smaller 
folds,  thus  producing  the  type  of  fold  known  as  an  anticlinoriimi. 
The  axis  of  the  major  fold  trends  northwest  and  pitches  to  the 
southeast.  In  the  southeastern  part  of  the  field  the  strata  dip 
away  from  the  axis  of  the  anticline  at  angles  ranging  from  20°  to  70°, 
the  steeper  dips  occurring  nearest  the  axis  of  the  fold,  but  as  the 
moimtains  are  approached  the  dips  decrease  in  amoimt,  and  aroimd 
the  north  base  of  the  Judith  and  North  Moccasin  mountains  they  do 
not  exceed  46°  and  the  anticline  loses  its  distinctive  character. 

The  minor  folds  which  compUcate  the  major  anticline  are  abo  open 
synunetrical  folds  whose  axes  pitch  to  the  southeast  and  trend  roughly 
northwest-southeast,  although  they  are  somewhat  sinuous  in  charac- 
ter. The  dips  on  opposite  limbs  of  these  folds  as  a  rule  range  from 
2°  to  6°. 
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A  dome' structure  has  been  produced  by  the  uplift  of  Black  Butte 
and  the  North  Moccasin  Mountains.  So  far  as  examined  the  beds 
dip  steeply  away  from  these  uplifts  except  at  the  southeast  side  of 
Black  Butte,  where  the  strata  dip  steeply  toward  the  butte,  probably 
as  the  result  of  faulting. 

Out  on  the  plains  north  of  the  Judith  and  North  Moccasin  moun- 
tains the  strata  dip  at  a  low  angle  to  the  north  or  northeast. 

Faults  are  not  important  structural  features  except  in  the  aret 
along  Judith  River  north  of  the  northern  boundary  of  T.  20  N.  Two 
minor  faults  cut  the  beds  on  the  north  side  of  the  Judith  MountamSi 
and,  as  already  pointed  out,  there  may  be  a  small  fault  at  the  southeast 
side  of  Black  Butte.  Between  Fullerton  and  lifissouri  River  three 
prominent  faults,  striking  a  little  west  of  north,  cross  the  valley  of 
Judith  River.  At  the  first  and  second  faults  north  of  Fullerton  the 
beds  dip  steeply  to  the  north  near  the  fault  plane,  but  a  short  distance 
away  they  are  nearly  flat.  At  the  fault  nearest  Missouri  River  the 
dip  is  to  the  south,  or  in  the  opposite  direction  to  that  at  the  faults 
farther  south,  and  there  is  evidence  of  some  minor  faults,  the  detaib 
of  which  were  not  worked  out.  The  northernmost  fault  exhibits  the 
maximum  t}u*ow  observed  at  any  of  these  displacements,  and  at  that 
place  the  white  massive  sandstone  at  the  base  of  the  Eagle  sandstone 
is  brought  into  contact  with  the  sandstone  beds  constituting  the  upper 
part  of  tlio  Claggett  formation.  If  tlie  thickness  of  that  part  of  the 
Eagle  above  tlie  white  massive  sandstone  be  considered  as  150  feet 
and  tliat  of  the  lower  or  shale  portion  of  the  Claggett  as  500  feet,  the 
throw  would  be  about  650  feot. 

Those  same  lines  of  disturbance  were  seen  on  the  east  side  of  Dog 
Creek  inT.  2lN.,  R.  19E.,  where  the  structure  seems  more  compli- 
cated tlian  on  Judith  River.  The  maximum  disturbance,  however,  is 
probably  shown  along  Missouri  River  between  Armells  Creek  and  Dog 
Creek.     In  speaking  of  tliis  area  Hayden  says:^ 

It  presents  perha])8  the  most  rugged  scenery  on  the  Missouri  River,  the  denudation 
and  erosion  liaving  been  much  greater  than  at  the  Bad  Lands  of  White  River.  But 
the  most  remarkable  feature  of  this  basin  is  the  wonderful  disturbance  of  the  strata. 
So  much  are  the  beds  disturbed  and  blended  together  by  forces  acting  from  beneath 
that  it  seems  almost  hopeless  to  obtain  a  section  showing  with  perfect  aceuiacy  the 
order  of  superj^osition  of  the  different  stiata. 

THE  COAL. 

In  the  nortliwest  part  of  tlie  field  tlie  Eagle  sandstone  and  the 
Judith  River  formation  contain  some  coal  wliich  is  locally  valuable, 
but  no  important  coal  bods  occur  southeast  of  Black  Butte.  For  con- 
venience of  description,  the  coal  beds  of  the  Eagle  and  Judith  Biver 
formations  will  be  described  separately. 

1  Hayden,  F.  V.,  Notes  explanatory  of  a  map  ana  section  illustrating  the  geological  stnicture  of  tht 
country  bordering;  on  the  Missouri  River  from  the  mouth  of  the  Platte  River  to  Fort  Beaton:  Phflada^hki 
Acad.  Nat.  Sci.  Proc.,  vol  9,  pp.  115-116, 1858. 
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COAL  IN  THE  EAQLE  SANDSTONE. 

• 

The  easternmost  indications  of  coal  in  the  Eagle  sandstone  were 
found  near  the  northern  side  of  sec.  12,  T.  17  N.,  R.  23  E.  At  this 
place  there  is  a  bed  of  carbonaceous  shale  about  1  foot  thick.  Near 
the  northwest  comer  of  the  same  township  a  bed  that  is  probably  the 
same  is  about  2  feet  thick  and  contains  3  inches  of  coal  at  the  top 
and  6  inches  at  the  bottom,  with  carbonaceous  sandstone  and  shale 
between.  On  the  southeast  side  of  Black  Butte,  at  locality  1/  a  bed 
of  coal  2  feet  thick  is  exposed.  It  seems  to  be  of  local  occurrence,  as 
no  other  exposures  could  be  found  in  this  vicinity. 

In  the  NE.  J  sec.  8,  T.  18  N.,  R.  18  E.,  a  carbonaceous  bed  con- 
taining about  4  inches  of  bony  lignite  at  the  top  is  exposed  at  an  old 
surface  pit.  *  Coal  is  also  reported  as  being  mined  from  the  Eagle 
sandstone  near  Deerfield,  but  this  locality  was  not  visited. 

Between  Fullerton  and  Judith  the  Eagle  sandstone  is  exposed  by 
faulting  at  several  places,  and  at  each  place  it  contains  some  coal  of 
subbituminous  quality.  At  locality  5  there  is  13  inches  of  good  coal, 
and  at  locality  2  (see  section  in  PI.  XIX)  the  coal  is  26  inches  thick. 
At  locality  3,  sec.  13,  T.  22  N.,  R.  16  E.,  there  is  4  feet  7  inches  of  coal 
in  two  benches,  separated  by  1  foot  3  inches  of  bone  and  clay,  as  shown 
in  section  No.  3  (PI.  XIX).  At  locality  4,  sec.  11,  in  the  same  town- 
ship, 36  inches  of  coal  is  exposed.  Some  coal  was  also  observed  in 
exposures  of  the  Eagle  sandstone  on  Dog  Creek  near  the  northwest 
comer  of  T.  22  N.,  R.  17  E. 

From  the  sections  given  above  it  seems  probable  that  the  Eagle 
sandstone  may  contain  coal  of  conmiercial  value  in  the  northern  part 
of  the  field.  As  the  formation  is  exposed  only  in  the  vicinity  of 
faults,  a  careful  survey  on  a  scale  large  enough  to  show  all  the  details 
of  structure  is  necessary  before  the  probable  extent  of  the  coal  can 
be  determined. 

COAX  IN  THE  JUDITH  BIVEB  FOBMATION. 

The  Judith  River  formation  contains  beds  of  carbonaceous  shale 
throughout  the  field,  but  no  coal  was  found  south  of  the  southern 
boundary  of  T.  19  N.;  north  of  that  township  line  some  coal  occurs 
in  the  Judith  River  formation,  but  its  full  extent  is  not  known. 
The  region  in  which  the  Judith  River  is  believed  to  be  coal  bearing 
is  the  triangular  area  between  Armells  and  Dog  creeks  and  Missouri 
River.  Coal  beds  occur  near  the  top  of  the  formation  and  are  said 
to  have  a  maximum  thickness  of  7  feet,  but  in  the  area  described  in 
this  report  the  beds  are  thin,  ranging  for  the  most  part  from  a  few 
inches  up  to  30  inches  in  thickness.  Sections  Nos.  6  to  16  (PL  XIX) 
were  measured  on  coal  beds  in  the  Judith  River  formation. 

1  These  numbers  refer  to  the  locations  and  the  coal  sections  shown  in  PI.  XIX. 
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In  T.  19  N.y  R.  19  E.,  where  a  detailed  search  for  coal  was  mai 
zone  of  clay  and  carbonaceous  shale  is  exposed  containing  on 
more  thin  beds  of  coal,  one  of  which  locally  attains  a  thickneBs 
feet.  Immediately  above  these  coal  beds  lies  a  thick  indui 
stratum  made  up  almost  wholly  of  invertebrate  shells  inclosed 
sandy  matrix,  which  serves  as  an  excellent  marker  in  tracing 
coal.  This  Ostrea  suhtrigondlia  marl  or  breccia,  as  it  is  comm 
called  from  its  abundant  content  of  the  shells  of  that  species, 
regarded  by  Stanton  and  Hatcher  as  the  top  of  the  Judith  Riva 
mation.  The  outcrop  of  the  principal  coal  bed  across  the  tom 
is  shown  on  the  map  (PL  XIX},  and  sections  Nos.  6  to  16  on  thei 
plate  represent  the  thickness  and  character  of  the  beds  at  the  loca 
indicated.  These  sections  show  that  the  principal  bed  comm 
ranges  from  1  foot  to  2^  feet  in  thickness,  but  that  at  locality  II 
total  thickness  is  6  feet.  At  this  locality,  however,  the  bed  con 
four  partings  in  its  lower  portion,  leaving  but  2  feet  of  unbroken 
at  the  top  of  the  section.  At  this  place  there  is  a  short  entry  a 
bed  and  a  small  amount  of  coal  is  mined  for  local  use,  chiefly  ai 
for  traction  engines.  The  property  is  owned  and  operated  b| 
Stone  and  is  therefore  called  the  Stone  prospect. 

At  the  Stone  prospect  the  coal  shows  the  following  physical  ] 
ertics:  Color  black,  streak  black  to  brown,  fracture  conchoid 
tendency  to  prismatic  jointing,  a  bedded  structure,  and  a  lac 
prominent  woody  characteristics.  When  exposed  to  the  atmo0[ 
the  coal  slacks  readily  and  breaks  up  into  small  irregular  fragm 

A  sample  of  the  coal  was  taken  from  the  face  of  the  entry  and 
to  the  Pittsburgh  laboratory  of  the  Bureau  of  Mnes  for  ana! 
In  collecting  the  sample  the  face  of  the  bed  was  first  freed  tm 
foreign  matter  and  the  bed  was  then  trenched  across  from  tc 
bottom,  but  the  shale  partings  and  bone  were  excluded  fron 
sample.  A  section  of  the  bed  at  the  point  of  sampling  b  repress 
by  section  No.  16  in  Plate  XIX.  The  total  thickness  of  the  h 
that  place  is  6  feet,  but  the  sample,  which  included  only  the 
represents  a  thickness  of  4  feet  4  inches.  The  bed  is  dry  am 
face  from  which  the  sample  was  taken  was  fresh.  The  results  o 
analysis  are  as  follows: 
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Made  at  th«  Pittsburgh  laboratory  of  tbe  Bunau  of  Mines,  A.  C.  Fleldner,  chemist  in  charge.    Laboratory 

No.  14405.    Air-drying  loss,  11.1  per  oent.J 


- 

As 

received. 

• 

dried. 

Moisture 
free. 

Moisture 

and  ash 

free. 

Mcrfstnre 

23.1 
33.6 
30.6 
12.8 
1.08 

13.6 
37.7 
84.4 
14.4 
L22 

Volatile  matter  • 

43.6 

80.8 

16.7 

1.4 

52.2 

Fixed  carbon 

47.8 

A^h - - .  - - .  - 

Sulphur 

1.68 

Calories 

4,305 
7,750 

4,846 
8,720 

6,600 
10,080 

6,720 

Briti.sb  thermal  unit-i 

♦    12,000 

•  Determined  by  the  modified  method,  the  use  of  which  generally  results  in  a  higher  percentage  of  fixed 
carbon  than  when  determined  by  the  oflicial  method. 

This  analysis  shows  that  the  coal  is  high  in  moisture  and  ash  and 
low  in  calorific  value.  From  its  physical  and  chemical  properties, 
and  the  fact  that  it  slacks  readily  when  exposed  to  the  atmosphere, 
the  coal  is  regarded  as  low-grade  subbltuminous,  which  is  distin- 
guished from  lignite  chiefly  by  its  black  color. 

The  coal  in  the  Eagle  sandstone  may  prove  to  be  of  importance  in 
localities  near  Missouri  Biver,  where,  because  of  the  lack  of  timber  and 
the  distance  from  the  railroad,  conditions  may  favor  its  development 
for  local  use. 

The  coal  in  the  Judith  River  formation  in  this  area  is  not  of  sufli- 
cient  importance  to  justify  development  on  a  large  scale.  Farther 
north,  however,  on  lower  Dog  Creek  and  Missouri  River,  the  beds 
attain  a  greater  thickness  and  will  no  doubt  prove  valuable,  for  local 
consumption  at  least,  in  a  coimtry  where  timber  and  other  forms  of 
fuel  are  practically  absent. 

365°— Bull.  541—14 22 


THE  CLEVELAND  CX)AL  FIELD,  BLAINE  COUNTY, 

MONTANA. 


By  C.  F.  BowBN. 


INTRODUCTION. 

The  writer  made  an  examination  in  the  fall  of  1912  of  land  lying  east 
of  the  Bearpaw  Mountains^  Montana,  for  the  purpose  of  determining 
whether  or  not  coal  is  present  here,  and  if  so  the  character  of  the  coal 
and  the  thickness  of  the  beds.  Only  a  small  area  was  found  to  be 
underlain  by  coal  and  the  beds  are  thin  and  apparently  lenticular  in 
character.  The  coal  has  little  prospective  importance  except  for 
settlers  in  the  immediate  vicinity. 

This  area,  called  the  Cleveland  coal  field  from  the  chief  town  within 
its  borders,  comprises  an  area  of  about  423  square  miles  included  in 
Tps.  28  to  31  N.,  Rs.  20  to  22  E.  (in  part),  and  T.  28  N.,  R.  19  E.  of 
the  Montana  principal  meridian.  The  northern  end  of  the  district  is 
about  6  miles  south  of  Milk  River,  and  the  area  lies  for  the  most  part 
between  the  Fort  Belknap  Indian  Reservation  on  the  east  and  the 
Bearpaw  Mountains  on  the  west.  Its  relation  to  other  well-known 
places  in  Montana  is  shown  in  figure  9  (p.  294). 

The  geologic  mapping  was  done  by  the  writer  assisted  by  Harvey 
Bassler.  The  writer  wishes  to  acknowledge  the  hospitality  and 
hearty  cooperation  of  the  residents  of  the  district. 

As  land  classification,  which  is  based  on  land  surveys,  was  the 
prime  object  of  the  investigation,  the  Land  Office  plats  were  made 
the  bases  for  geologic  mapping.  All  locations  were  made  with  ref- 
erence to  comers  established  by  the  land  survey.  The  mapping  was 
done  on  a  plane  table,  on  a  scale  of  2  inches  to  the  mile.  Telescopic 
alidade  and  stadia  were  used  in  mapping  coal  beds  and  open-sight 
alidade  and  pacing  in  meandering  geologic  boimdaries. 

The  igneous  rocks  of  the  Bearpaw  Mountains  have  been  briefly 
described  by  Weed  and  Pirsson,^  and  the  glacial  geology  of  the  r^on 
has  been  discussed  by  Calhoun.'     In  1908  and  1909  L.  J.  Pepperberg* 

1  Weed,  W.  H.,  and  Pirsson,  L.  V.,  The  Bearpaw  Mountains,  Mont.:  Am.  Jour.  Bel.,  4th  aer.,  toL  1, 
pp.  283-301,  351-352, 1896;  vol.  2,  pp.  136-148, 188-189, 1896. 

s  Calhoun.  F.  H.  H.,  The  Montana  lobe  of  the  Keewatln  Ice  sheet:  U.  S.  Geol.  Sturey  Prof.  Paper  50,  VKA. 

s  Pepperberg,  L.  J.,  The  Milk  River  coal  field,  Mont.:  U.  S.  Geol.  Survey  Bull.  381,  pp.  83-106, 1910; 
The  southern  extension  of  the  Milk  River  coal  field,  Chouteau  County,  Mont.:  U.  8.  GeoL  Sarviy  BoB. 
471,p.  359, 1912. 
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studied  the  coal  resoxirces  of  the  Milk  River  field,  which  adjoins  the 

Cleveland  field  on  the  north  and  exhibits  conditions  similar  to  those 

reported  here. 

►laANATION  OP  MAP. 


The  geologic  map  accompanying  this  report  (PL  XX,  p.  350)  was 
compiled  from  the  plane-table  sheets  prepared  during  the  field  exami- 
nation and  from  the  General  Land  Office  plats.  It  shows  the  distri- 
bution and  attitude  of  the  geologic  formations  as  interpreted  from  a 
study  of  their  widely  separated  exposures,  the  outcrops  of  the  prin- 
cipal coal  beds,  the  locations  of  points  at  which  coal  sections  were 
measured,  and  also  the  principal  roads  and  streams  of  the  district. 
In  interpreting  the  geologic  map  it  must  be  remembered  that  the 
greater  part  of  the  area  is  covered  by  glacial  drift,  which  obscures 
the  outcrops  of  the  rock  formations.  For  this  reason  the  positions 
of  the  geologic  boimdaries  are  in  part  hypothetical.  The  formation 
boundaries  are  indicated  by  broken  lines  where  there  is  more  or  less 
certainty  regarding  their  location  and  are  omitted  entirely  where 
their  location  is  largely  hypothetical. 

GEOGRAPHY. 

All  parts  of  the  field  except  the  moimtain  area  are  readily  accessible 
by  wagon  roads  from  the  town  of  Chinook,  on  the  north  side  of  Milk 
River  on  the  Great  Northern  Railway. 

As  the  area  lies  in  the  western  part  of  the  Great  Plains  province,  its 
surface  partakes  more  or  less  of  the  character  of  a  plain,  but  in  this 
part  of  the  State  the  surface  is  broken  by  several  isolated  moimtain 
ranges,  one  of  which,  the  Bearpaw  Moimtains,  lies  partly  in  this  area 
and  extends  westward  for  a  distance  of  about  40  miles.  In  the  field 
three  rather  distinct  types  of  topography  are  represented.  These  are: 
(1)  The  mountainous  type;  (2)  the  foothills  type,  lying  between  the 
moimtains  and  the  lowlands;  and  (3)  the  plains  type,  which  varies 
from  a  gently  rolling,  grass-grown,  drift-covered  plain,  still  undis- 
sected  and  containing  numerous  imdrained  depressions,  to  a  some- 
what well  dissected  and  drained  surface  in  which  numerous  steep, 
narrow  gorges,  locally  termed  coulees,  have  been  eroded.  In  the 
northeastern  part  of  the  field  this  topography  approaches  the  badland 
type,  which  is  typically  developed  immediately  south  of  the  district 
along  Missouri  River  and  its  tributaries. 

The  area  is  drained  by  tributaries  of  Milk  and  Missouri  rivers. 
The  principal  streams  are  Snake,  Boxelder,  and  Peoples  creeks  on 
the  north  and  Suction  Creek  on  the  south.  These  streams  rise  in  the 
Bearpaw  Mountains  and,  with  the  exception  of  Boxelder  Creek,  are 
perennial  within  the  area  surveyed,  though  some  of  them  may  become 
intermittent  farther  out  on  the  plains 
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GHARAOTER  OF  THB  BOOKS. 

The  sedimentary  rocks  represented  in  this  field  range  in  age  &om 
Mississippian  to  Recent,  the  latter  consisting  of  the  alluYial  deposits 
along  stream  valleys.  Because  the  coal  resources  were  the  primuy 
object  of  the  examination,  the  field  study  was  confined  to  the  coal- 
bearing  formations,  and  these  are  here  discussed  in  more  detail  tliio 
are  the  other  formations  present.  The  table  given  below  shows  tlie 
stratigraphic  succession,  character,  and  thickness  of  the  formatioiB 
of  the  district. 

Oeneralized  tectum  of  the  eedmerUary  formaUonM  of  the  Cleveland  coalJUU. 


System. 

Series. 

Oroap  and 
formation. 

Chanetcr. 

Recent. 

Alluvium. 

Deposits  found  along  the  itraams;  of  small  fztatfe 
this  area. 

QoBteniary. 

Bench  graveL 

A  mixture  of  gravel  and  finer  material  dwlved  iTBBtfei 
near-by  moontains.  ThepebbtaaremortlyipMi 
rook  and  are  not  w«U  rounded  or  wwUrwonL 

Plebtooene. 

Glacial  drift. 

• 

bowlders  of  granite,  gneiss,  and  some  qoartitti  Bit 
found  in  place  in  this  part  of  the  State. 

Upper  Cre- 
laceous. 

• 

1 

a 

e 

o 

Bearpaw 
shale. 

Dark-colored  marine  shale,  containing  calearemoafr 
cretions  in  which  are  found  BaemiUet  omhu,  B.  tm- 
prettu,  ScapkUet  nodonuj  and  other  Pkcrs  fcod; 
thickness  exposed  in  this  field  2U0±  feet 

Judith  River 
formation. 

Brown  to  light-vellow  sandstone  alternating  with  vk- 
colored  day  yielding  fk'esh  and  brabkish  water  tarr*' 
tebrotes  and  also  remains  of  vertebrates;  oootiiv 
some  coal.    Thickness  S0O±  ftoet. 

Claggett 
formation. 

Like  the  Bearpaw  both  lithdogioally  and  paleootokC- 
icaUy.    Thickness  85(W00feet^ 

Cretaceous. 

Ragle  sand- 
stone. 

Massive  and  cross-bedded  yellow  to  brown  sandstine. 
in  places  containing  many  large  brown  ooncretioBs: 
when  well  exposed  forms  prominent  ledges:  in  IW 
places  contains  fossils.    Thickness  280-900  feet. 

Colorado  shale. 

Dark  marine  shale  with  intercalated  flttidy  bedi  is 
upper  part;  numerous  large  calcareous  ooncretloBi 
in  places  near  top  of  formation;  ylelda  some  fainr 
tebrate  fossils  and  locally  an  abundanoe  of  fish  seski> 

Lower  Cnv 
taceous(7). 

Kootenai    (r) 
formation. 

Alternating  beds  of  shale  and  sandstone  nndecljiaC 
of  Jurassic  age;  no  fossils  found. 

Jurassic. 

Upper    Ju- 
rassic. 

Ellis  formation. 

Dark-gray    fine-grained   limestOBie,    liehly   foariMkh 
ous. 

Carbonifer- 
oos. 

Mississip- 
pian. 

Madison  (7)  lime- 
stone. 

siis:  not  certainly  found  in  plaoe. 
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OABBONIFEBOUS   SYSTEM. 
MADXBOV  (1)  UlESSTOHS. 

Stratigraphically  the  lowest  formation  exposed  in  the  field  is  a  gray 
crystalline  limestone,  which  is  very  different  Uthologically  from  any 
oilier  rocks  in  the  region  and  which  outcrops  at  the  extreme  eastern 
end  of  the  Bearpaw  Mountains.  Fossils  collected  from  this  lime- 
stone in  sees.  1  and  12,  T.  28  N.,  R.  20- E.,  have  been  identified  by 
George  H.  Girty  as  Carboniferous  forms  and  tentatively  referred  by 
him  to  the  Madison  limestone.  The  specimens  obtained  from  sec. 
12  were  found  in  loose  fragments  along  one  of  the  branches  of  Suction 
Creek  and  had  evidently  been  brought  down  from  some  higher 
elevation.  The  fossils  from  sec.  1  were  obtained  at  the  top  of  one 
of  the  mountain  ridges  in  connection  with  a  collection  from  the 
Kllifl  formation.  At  the  time  of  making  the  collection  it  was  not 
recognized  that  two  formations  were  involved  and  the  collector 
is  not  now  sure  whether  or  not  all  of  the  specimens  were  obtained 
from  rock  in  place.  Whether  the  fossils  were  actually  found  in 
place  or  not,  they  demonstrate  the  existence  of  Carboniferous  rocks 
in  the  region^  as  the  Bearpaw  Mountains  were  not  overridden  by 
the  continental  ice  sheet,  and  therefore  the  fossils  could  not  have 
been  brought  to  their  present  position  from  some  extraneous  locality 
except  by  the  agency  of  man,  a  contingency  which  does  not  seem 
probable. 

Previous  to  the  discovery  of  these  fossils  sedimentary  rocks  older 
than  the  Colorado  shale  had  not  been  recognized  in  the  Bearpaw 
Mountains,  and  despite  the  slight  imcertainty  as  to  location  and  exact 
age  which  attaches  to  them  the  find  is  an  important  one.  It  may  be 
confidently  stated  that  careful  stratigraphic  work  iii  the  older  forma- 
tions involved  in  the  Bearpaw  uplift  will  differentiate  the  rocks  of 
Carboniferous  age,  but  at  present  nothing  can  be  said  of  their  dis- 
tribution or  thickness. 

JTJRASSIO   SYSTEM. 
ELLIS  FORXATION. 

The  Ellis  formation  is  best  exposed  on  a  tributary  of  Suction  Creek, 
sec.  1,  T.  28  N.,  R.  20  E.,  2  or  3  miles  above  Henry  Martin's  ranch 
in  sec.  7.  At  this  place  there  is  200  feet  of  dark-gray  to  lead-gray, 
fine-grained,  richly  fossiliferous  limestone,  which  is  overlain  by  an 
apparently  conformable  succession  of  alternating  beds  of  calcareous 
sandstone,  sandy  shale,  and  shale  having  a  thickness  (if  not  repeated 
by  faulting)  of  about  1,300  feet.  Fossils  were  obtained  from  the 
limestone  and  one  of  the  lower  beds  of  calcareous  sandstone  and 
submitted  to  Mr.  Stanton,  who  refers  the  beds  to  tho  Ellis  formation. 
The  1,300  feet  of  sandstone  and  shale  overlying  the  fossiliferous 
lunestone  are  here  provisionally  referred  to  the  Kootenai,  although 
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future  work  may  show  them  to  belong  to  the  Ellis  formation.  On 
the  west  in  this  locality  the  Ellis  formation  is  cut  off  by  a  sharp  fault 
along  which  it  abuts  against  younger  rocks.  How  widespread  the 
Ellis  formation  may  be  in  the  Bearpaw  Mountains  has  not  been 
determined,  but  rocks  of  similar  character  were  seen  at  several 
localities  in  the  eastern  end  of  the  range. 

CRETACEOUS    (?)    SYSTEM. 
KOOTEVAZ  (t)  FORXATXCBT. 

The  only  direct  evidence  of  the  presence  of  the  Kootenai,  or  some 
other  formation  occupying  the  same  stratigraphic  position,  is  the 
existence  of  a  great  thickness  of  dark-gray  shales  and  gray  sandstone 
lying  between  the  imdoubted  Ellis  formation  and  the  Colorado  shale. 
No  fossils  have  been  obtained  from  these  beds,  so  that  it  is  impossible 
to  correlate  them  on  a  paleontologic  basis.  lithologically  the  rocks 
are  not  similar  to  the  red  or  maroon-colored  members  so  characteristic 
of  the  upper  part  of  the  Kootenai  in  the  Lewistown  and  Great  Falls 
fields,  so  that  if  these  beds  do  represent  the  Kootenai  or  a  part  of  it 
they  probably  correspond  to  the  lower  unvariegated  portion,  although 
the  thickness  shown  here  seems  to  be  much  greater  than  that  assigned 
to  the  Kootenai  by  Fisher  ^  and  Calvert  *  in  the  fields  farther  south. 
Like  the  Ellis  formation,  the  distribution  of  these  rocks,  whatever 
their  age,  is  imdetermined;  they  were  observed  at  the  same  localities 
as  the  Ellis,  which  they  overlie  with  apparent  conformity. 

CBETAOEOUS    SYSTEM. 
COLORADO  SHALE. 

Above  the  Kootenai  (?)  formation  lies  the  Colorado  shale,  the 
oldest  formation  in  the  field  positively  identified  as  Cretaceous.  This 
formation  is  so  well  developed  on  the  flanks  and  in  the  foothills  of  the 
Bearpaw  Mountains  that  the  term  Bearpaw,  if  it  were  not  preoccu- 
pied, would  be  an  appropriate  designation.  The  term  Colorado  shale 
is  applied  to  what  in  other  States  is  known  as  the  Colorado  group, 
embracing  the  Benton  shale  and  Niobrara  limestone. 

The  formation  is  more  or  less  fossiliferous.  In  some  localities  a 
sandstone  member  400  feet  below  the  top  of  the  formation  contains 
an  abundance  of  fish  scales  and  some  invertebrates.  Fossils  collected 
from  it  have  been  identified  as  of  Colorado  age  by  Mr.  T.  W.  Stanton. 

The  Colorado  shale  is  a  black  to  lead-gray  clay  shale,  containing 
in  its  upper  part,  at  least  locally,  many  large  calcareous  concretions. 
These  concretions  weather  yellowish  brown  and  carry  numerous  veins 
of  calcite,  which  give  a  septarian-like  character  to  the  entire  mass. 

1  Fisher,  C.  A.,  Geology  of  the  Great  Falls  ooal  field,  Mont.:  U.  S.  Geol.  Survey  Dull.  356,  p.  30, 1909. 
>  Calvert,  W.  R.,  Geology  of  the  Lewistown  coal  field,  Mont.:  U.  S.  Geol.  Sarv«y  BalL  890,  p.  27. 1909. 
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This  part  of  the  formation  resembles  very  closely  the  shales  of  the 
Claggett  formation.  Below  the  concretionary  member  the  formation 
contains  numerous  thin  sandstone  bands  alternating  with  the  black 
shale.  Some  of  these  sandstone  members  are  fossiliferous,  the  most 
abundant  remains  being  fish  scales. 

The  thickness  of  the  entire  formation  was  not  determined.  A 
thickness  of  about  525  feet  is  exposed  around  Eagle  Butte,  in  sec.  6, 
T.  29  N.;  R.  21  E.;  but  it  is  probable  that  only  a  part  of  the  formation 
is  exposed.  Near  Henry  Martin's  ranch,  in  sec.  7,  T.  28  N.,  R.  21  E., 
a  thickness  of  more  than  1,400  feet  of  black  shale  overlies  the  rocks 
described  above  as  the  Kootenai  ( ?)  formation.  Whether  this  is  the 
true  stratigraphic  thickness  of  the  Colorado  or  whether  the  formation 
is  repeated  by  faulting  is  not  known. 

The  Colorado  shale  is  extensively  developed  around  the  east  end 
of  the  Bearpaw  Mountains,  and  is  by  far  the  most  widespread  of  the 
pre-Montana  rocks.  Perhaps  the  type  locality  for  the  formation  in 
this  field  is  the  undifferentiated  area  lying  south  and  southeast  of 
Cleveland. 

The  Colorado  shale  exhibits  apparently  conformable  relations  both 
at  top  and  bottom.  It  is  sharply  delimited  from  the  overlying  Eagle 
sandstone  by  the  striking  Uthologic  difference  between  the  two  for- 
mations, llie  change  to  the  underlying  formation  is  not  well  shown 
in  the  localities  where  the  two  were  studied,  but  it  seems  to  be  less 
abrupt  Uthologically  than  is  the  change  to  the  overlying  formation. 

SAGLB  SAHDSTOHS. 

Above  the  Colorado  shale  in  apparent  conformity  lies  the  Eagle 
sandstone,  so  named  by  Weed  ^  from  its  development  at  the  mouth 
of  Eagle  Creek  on  Missouri  River,  about  40  miles  below  Fort  Benton. 
This  sandstone,  according  to  Stanton  and  Hatcher,'  represents  the 
lower  part  of  the  Montana  group.  All  the  fossils  collected  from  it 
by  the  writer  have  been  reported  by  Stanton  to  be  of  Montana  age. 

In  this  field  the  formation  consists  of  buff  to  gray,  massive  to  heavy- 
bedded  sandstone,  which  is  locally  cross-bedded  and  becomes  more 
thinly  bedded  toward  the  top.  Large  reddish-brown  sandstone  con- 
cretions are  locally  very  numerous  and  form  conspicuous  bowlders 
which  strew  the  surface  of  the  weathered  outcrop.  Where  not 
covered  by  drift  the  sandstone  forms  prominent  ledges,  which  con- 
stitute a  striking  topographic  feature. 

Few  places  in  this  area  afford  favorable  opportunities  for  measuring 
the  thickness  of  the  formation,  but  in  the  NE.  {  sec.  18,  T.  29  N., 
R.  21  E.,  both  upper  and  lower  boundaries  are  well  shown  in  a  clean- 
cut  exposure;  the  thickness  at  this  locality  is  310  feet. 

1  Weed,  W.  H.,  U.  8.  Oeol.  Survey  Oeol.  Atlas,  Fort  Denton  folio  (No.  66),  1899. 
s  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  The  geology  and  paleontology  of  the  Judith  River  beds:  U.  S.  Oeol. 
Surrey  Bull.  267,  pp.  63, 66, 1906. 
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The  Eagle  is  well  exposed  only  locally  in  thb  district.  As  a  rule 
the  outcrop  is  concealed  beneath  drift  or  gravels  or  is  intermpted 
by  igneous  intrusionsi  so  that  the  actual  surface  distribution  of  the 
formation  is  difficult  to  determine.  In  a  general  way  it  occupies  a 
narrow  zone  encircling  the  Bearpaw  Mountains  in  the  region  idiere 
the  foothills  merge  into  the  plains. 

The  Eagle  is  the  lowest  formation  of  the  Montana  group  and  is 
conformable  with  both  subjacent  and  superjacent  formations.  It 
forms  a  striking  lithologic  contrast  to  them^  however,  and  is  eaaly 
distinguishable  in  the  field. 

OLAOOBTT  rORXATZOBT. 

Above  the  Eagle  sandstone  lies  a  formation  consisting  chiefly  of 
dark  marine  shale  which  Stanton  and  Hatcher  ^  designated  the  Gag- 
gett  formation  and  correlated  with  the  lower  part  of  the  Pierre  shale. 
This  formation  contains  Bacvlites  ovaiuSf  Bdctdites  eampreaaus,  Inoeem- 
miL8  bambini,  QerviUia  borealis,  and  other  forms  characteristic  of  the 
Pierre  shale. 

The  CHaggctt  in  this  area  consists  of  dark  lead-gray  shale,  containing 
numerous  calcareous  concretions  which  range  up  to  several  feet  in 
diameter.  The  concretions  are  usually  seamed  with  veins  of  caldte 
and  as  a  rule  contain  invertebrate  fossils.  At  the  base  of  the  for- 
mation there  is  a  zone  of  sandy  shale  transitional  to  the  Eagle  sand- 
stone below,  and  at  the  top  there  is  a  similar  narrow  transition  zone. 
Crystals  of  gypsum  are  locally  abundant  in  the  Qaggett  and  are 
conspicuous  on  many  weathered  outcrops.  The  shale  weathers  to 
a  black  gumbo  soil  that  becomes  very  tenacious  when  wet.  The 
formation  is  not  well  exposed  in  the  field  and  no  opportunity  was 
afforded  for  determining  accurately  its  thickness.  Farther  south, 
along  Missouri  River,  it  is  about  500  feet  thick,  whereas  to  the  north, 
on  Milk  River,  Pepperberg  determined  it  to  be  350  feet  thick. 

Except  locally,  the  Claggett  is  even  less  well  exposed  than  the 
Eagle  and  its  surface  distribution  is  correspondingly  more  uncertam. 
On  the  accompanying  map  (PI.  XX,  p.  350)  the  inferred  distribution 
of  the  formation  is  shown,  but  this  is  of  course  largely  hypothetical. 

The  Claggett  overlies  the  Eagle  sandstone  conformably,  and  by 
reason  of  its  shaly  character,  its  dark  color,  and  the  presence  of  lime- 
stone concretions  presents  a  sharp  lithologic  contrast  to  the  latter. 
The  exact  line  of  demarcation  between  those  formations,  however, 
and  also  between  the  Claggett  and  the  overlying  Judith  River  is  in 
some  places  difficult  to  determine,  owing  to  the  sandy  transition  zones 
mentioned  above. 

1  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the  Judith  River  beds,  witii  mdupCtf 
on  the  fossil  plants  by  F.  H.  Knowlton:  DulL  U.  S.  Geol.  Survey  257,  pp.  13,  eO»  lOOS. 
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JXTDITK  &IVB&  rOBKATIOH. 

The  Judith  River  formation,  which  overlies  the  marine  Claggett, 
is  for  the  most  part  of  fresh  or  brackish  water  origin.  This  forma- 
tion was  first  named  by  Hayden/  although  its  stratigraphic  relation 
was  at  that  time  not  understood.  Stanton  and  Hatcher  in  their 
work  on  the  Judith  River  formation '  determined  it  to  be  a  subdi- 
vision of  the  Montana  group,  and  the  stratigraphic  equivalent  of  a 
part  of  the  Pierre  shale.  This  conclusion  was  borne  out  by  the  work 
of  the  writer  in  this  area. 

The  Judith  River  formation  comprises  a  series  of  fresh  and  brackish 
water  beds,  consisting  of  light-colored  alternating  sandstone  and  clay 
with  some  coal,  the  most  persistent  and  important  beds  of  which  occur 
near  the  top  of  the  formation.  The  sandstones  are  in  places  cross- 
bedded  and  ripple  marked  and  contain  ferruginous  and  sandy  calca- 
reous concretions,  many  of  which  are  seamed  with  veins  of  amber- 
colored  calcite  and  bear  a  general  resemblance  to  the  concretions 
found  in  the  Claggett.  Crystals  of  selenite  occur  to  some  extent  in 
the  darker-colored  clay  of  the  formation.  Near  the  top  of  the  for- 
mation occurs  a  rather  persistent  bed  of  marl  composed  almost  entirely 
of  shells  of  Ostrea  subtrigonalis.  The  thickness  and  character  of 
individual  beds  vary  considerably  within  short  horizontal  distances, 
sandstone  changing  to  clay,  and  coal  to  carbonaceous  shale,  and 
vice  versa.  It  is  therefore  impossible  to  select  any  key  rocks 
which  can  be  used  to  correlate  sections  measured  at  separate  localities. 
The  best  reference  stratum  is  the  Ostrea-bearing  marl  or  breccia 
bed  near  the  top  of  the  formation.  The  following  detailed  sections 
measured  at  various  localities  serve  to  show  the  character  and  varia- 
bility of  the  beds: 

Section  of  JudUh  River  formaiion  one-half  mile  north  of  Kerr  mine  on  Sixmile  Coulee^ 

sec.  SO,  T.  S2  N.,  R.  tO  E. 

Ft.  In. 

Concretionary  band 6 

Clayahale 10 

Shale,  brown,  carbonaceous 2 

Shale,  gray,  8andy 1      6 

Concretionary  band 4 

Shale,  sandy 1      6 

Shale,  brown,  carbonaceous 2 

Coal,  bony,  and  bone 1 

Coal,  good 2 

Shale,  carbonaceous 2 

Shale,  gray,  sandy 5 

.    Shale,  carbonaceous 1 

»  Hayden,  F.  V.,  Oeology  of  the  Missouri  Valley:  U.  S.  Oeol.  Survey  of  Wyoming  and  portions  of  con- 
tiguous Territories;  Preliminary  (second)  Rept.  Progress,  p.  97, 1872. 

s  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the  Judith  River  beds,  with  a  chapter 
on  fossil  pIflfitB  by  F.  H.  Knowltoo:  Bull.  U.  S.  Geol.  Survey  257,  p.  63, 1905. 
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Ft.    tn. 

Shale,  somewhat  sandy 2 

Sand,  gray,  with  6-inch  concretionary  band 4 

Clay  shale,  gray 10 

Shale,  brown,  carbonaceous 5 

Coal,  bony 7 

Shale,  carbonaceous 1     2 

Clay  shale,  drab 5     6 

Ironstone,  concretionary  band 3 

Shale,  gray 3 

Coal 5 

Bone 9 

Shale,  carbonaceous 5 

Coal 11 

Bone 2 

Coal 2 

Bone 4 

Shale,  carbonaceous 11 

Clay,  dark  gray 1     8 

Clay,  carbonaceous 8 

Sandstone,  gray 5 

Clay  with  iron  concretions 1 

Clay,  gray,  sandy 3 

Bone  and  bony  coal 6 

Shale,  carbonaceous 2     8 

Coal,  bony 9 

Bone 2 

Clay 1     6 

Shale,  carbonaceous 5 

Coal 9 

Coal,  bony 4 

Coal 6 

Bone  and  carbonaceous  shale 10 

Shale 2 

Sand,  argillaceous 2 

Concealed,  probably  sand 4 

Sand  and  sandstone .*  2 

Concealed  by  alluvium 10 

Concretionary  layer 1 

96 

Section  of  Judith  River  formation  at  Rattlesnake  Butte,  sec.  if,  T.  28  N.^  R.  21  E. 

Ft.    in. 

Sandstone,  croes-bedded 2 

Clay  shale  with  sandy  layers 18 

Sandstone,  yellow,  massive,  cross-bedded,  with  small  ferrugi- 
nous concretions  at  base ■  15 

Clay,  in  part  arenaceous 43 

Sandstone,  massive,  cross-bedded 8 

Clay,  sandy 20 

Sandstone,  shaly 7 

Sandstone,  yellow,  cross-bedded 5 

Sandstone,  yellow,  massive 16 

Sandstone,  thin  bedded,  and  shale 8  • 
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Ft.    In. 

Shale 8 

Sandstone,  yellow,  crosB-bcddcd,  weathers  cavernous 15 

Clay,  sandy 8 

Sandstone,  massive,  cross-bedded 2 

Clay 2 

Sandstone,  massive 2 

Shale,  sandy 2 

Shale,  carbonaceous  at  bottom,  grading  upward  into  clay 6 

Sandstone,  white,  bedded,  beds  usually  less  than  1  foot  thick, 

weathers  to  rough,  irregular  forms 18 

Sandstone,  white  to  cream  colored,  massive  to  heavy-bedded. . .  15 

Sandstone,  yellow,  massive,  with  concretionary  layers 16 

Sandstone,  platy ,  and  clay  (partly  concealed) 32 

Sandstone,  yellow,  massive 9 

Sandstone,  gray,  hard 6 

Clay 2 

278      6 
Section  of  Judith  River  formation  near  ioiUh  quarter  comer  sec.  Sl^  T.  28  JNT.,  R.  tt  E, 

Drift.  Feet. 

Clay  shale,  dark,  gyx>siferous,  containing  narrow  band  of  Ostrea 

gubtngorudis  at  base 50 

Clay,  sandy 5 

Shale,  brown,  carbonaceous 4 

Clay  shale,  drab 10 

Sand,  unconsolidated 15 

Shale,  carbonaceous 1 

Sand 5(?) 

Clay,  drab,  contains  ferruginous  concretions    and   Ostrea  tubtri- 

gonalisy  grades  into  sandy  clay  below 40 

Sandstone,  white,  with  ferruginous  members  and  concretions  form- 
ing ledges,  exposed 60 

190 

A  complete  section  of  the  formation  is  not  exposed  at  any  locality 
in  this  district  and  the  total  thickness  could  not  be  determined.  On 
Missouri  and  Milk  rivers,  where  the  exposures  are  better,  the  forma- 
tion is  about  500  feet  thick. 

The  surface  distribution  of  the  Judith  River  formation  is  probably 
greater  than  that  of  all  the  other  sedimentary  rocks  in  the  field  com- 
bined. This  is  due  to  its  flat-lying  attitude  and  to  the  fact  that 
erosion  has  removed  the  overlying  Bearpaw  shale  from  most  of  the 
area  but  has  not  yet  cut  through  the  Judith  River  to  the  underlying 
formations.  Over  much  of  the  area  these  beds  are  covered  by  glacial 
drift  and  the  boundaries  of  the  formation  as  shown  on  the  map  (PI. 
XX,  p.  350)  are  more  or  less  hypothetical. 

The  Judith  River  formation  is  conformable  with  both  the  under- 
lying and  overlying  formations.  The  beds  grade  into  the  underlying 
Oaggett  through  a  narrow  transition  zone  at  the  top  of  that  forma- 
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tion,  but  are  more  or  less  sharply  separated  lithologicaUy  from  the 
dark  marine  shale  of  the  overlying  Bearpaw. 


The  Bearpaw  shale  was  so  named  by  Stanton  and  Hatcher  ^  from 
the  supposed  extent  of  its  outcrop  around  the  Bearpaw  Mountains. 
The  Bearpaw  shale,  in  conmion  with  the  Claggett  formation^  contains 
a  faima  which  elsewhere  is  regarded  as  typical  of  the  Pierre.  The 
Bearpaw  is  therefore  the  equivalent  of  the  upper  part  of  the  Pierre 
and  in  areas  to  the  southeast  is  directly  overlain  by  the  Lance  for- 
mation. 

The  Bearpaw  is  a  lead-colored  marine  shale,  bearing  calcareous 
concretions  which  yield  most  of  the  fossils  so  far  found.  In  both 
lithologic  and  paleontologic  character  the  Bearpaw  is  so  similar 
to  the  Claggett  that  the  two  can  not  be  definitely  distinguished  except 
by  their  stratigraphic  relations.  As  only  a  part  of  the  formation  is 
exposed  in  this  field,  its  thickness  was  not  determined,  but  in  other 
localities  it  is  known  to  be  1,000  to  1,100  feet. 

Exposures  of  this  formation  are  confined  to  a  small  area  in  the 
northwest  corner  of  T.  30  N.,  R.  22  E.,  and  to  the  contiguous  portions 
of  adjoining  townships,  but  because  of  the  heavy  covering  of  drift 
over  the  greater  part  of  the  field  exposures  are  poor  and  it  may  be 
that  the  Bearpaw  occurs  beneath  the  drift  at  other  localities. 

The  Bearpaw  conformably  overlies  the  Judith  River  formation, 
from  which  it  is  distinguished  by  its  Uthologic  character,  its  color, 
and  the  marine  fossils  which  it  contains. 

QUATERNARY   SYSTEM. 

Olacial  drift — ^Most  of  the  plains  area  is  covered  with  glaciftl 
deposits,  which,  except  where  locally  removed  along  drainage  lines, 
obscure  all  of  the  older  rocks.  These  deposits  consist  of  an  unassorted 
mixture  of  bowlders  and  finer  material.  The  most  common  bowlders 
are  of  granite,  gneiss,  and  quartzite,  which  have  been  transported 
from  localities  far  to  the  north  in  Canada,  where  similar  rocks  are 
found  in  place.  The  deposits  are  terminal  and  ground  moraines. 
The  best  example  of  the  terminal  moraine  is  the  ridge  north  of  Peoples 
Creek. 

Bench  gravel. — Near  the  Bearpaw  Mountains  areas  which  are  not 
drift  covered  are  as  a  rule  overspread  by  bench  gravel  derived  chiefly 
from  the  igneous  rocks  of  the  near-by  mountains.  In  general,  this 
bench  gravel  obscures  the  outcrops  of  the  older  formations  almost  as 
completely  as  does  the  drift. 

>  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the  Judith  River  beds,  with  a  cfaapttf 
on  the  fossil  plants  by  F.  H.  Knowlton:  U.  S.  Geol.  Survey  Bull.  257,  p.  62, 1905. 
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AUuvium . — ^Alluvial  deposits  are  of  minor  importance.  They  occur 
in  narrow  belts  along  the  most  important  streams,  especially  Suction, 
Peoples,  and  Snake  creeks. 

IGNEOUS   ROOKS. 

The  Bearpaw  Mountains  consist  of  igneous  rocks  of  intrusive  and 
extrusive  origin  and  of  both  acidic  and  basic  character.  Dikes  and 
sills  of  these  rocks,  radiating  from  the  main  moimtain  mass,  outcrop 
in  places  at  a  considerable  distance  from  the  mountains.  These  dikes 
and  sills  have  had  little  effect  on  the  inclosing  strata,  which  as  a  rule 
are  but  slightly  metamorphosed  and  have  suffered  no  displacement 
by  the  intrusion. 

8TBXTCTTTRB. 

On  all  sides  of  the  Bearpaw  Moimtains  the  strata  dip  steeply  away 
from  the  central  igneous  mass.  A  short  distance  away  from  the 
mountains,  however,  the  dips  are  much  lower  and  out  on  the  plain 
the  rocks  lie  nearly. flat.  Because  of  the  general  covering  of  glacial 
drift  and  alluvium,  however,  continuous  exposures  of  the  imderlying 
formations  are  lacking  and  the  structure  is  extremely  obscure  and 
difficult  to  interpret.  Except  locally,  where  the  drift  cover  is  very 
thin,  exposures  of  sedimentary  rocks  are  confined  to  coulees,  in  which 
the  glacial  material  has  been  removed.  These  exposures  show  that 
the  original  attitude  of  the  rocks  has  been  locally  very  much  disturbed 
by  faulting,  but  because  the  stratified  rocks  are  covered  by  drift  the 
faults  are  commonly  not  exposed  at  the  surface.  The  evidence, 
moreover,  is  in  general  limited  merely  to  a  marked  change  in  the  dip 
or  strike  of  the  formation  at  two  near-by  localities.  The  locations  of 
a  few  of  the  most  obvious  faults  are  shown  on  the  map.  Suggestions 
of  other  fault  lines  are  numerous  and  it  is  probable  that  still  others  are 
entirely  obscured  by  the  surface  covering. 

THE  COAL. 

OCCTJBBBNOB  AND  DISTBIBTTTION. 

Coal  beds  occur  in  this  district  only  in  the  upper  part  of  the  Judith 
River  formation,  none  having  been  found  in  the  Eagle  sandstone. 
In  the  northeastern  part  of  the  area  the  coal  beds  are  from  15  to 
about  100  feet  below  the  top  of  the  Judith  River,  but  elsewhere  the 
top  of  this  formation  is  not  exposed  and  the  stratigraphic  position 
of  the  coal  within  it  has  not  been  definitely  established.  Because  the 
surface  is  covered  and  there  are  few  mines  and  prospects,  coal  out- 
crops can  not  be  traced  for  any  considerable  distance.  So  far  as 
known  no  coal  occurs  south  of  Peoples  Creek  except  near  the  south- 
west comer  of  the  field. 
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By  reference  to  the  graphic  sections  '  (PI.  XX)  it  will  be  seen 
with  few  exceptions  the  coal  beds  where  exposed  are  lees  than 
feet  thick  and  that  a  majority  of  the  outcrops  show  less  than  1 
6  inches  of  coal.     Furthermore,  where  the  beds  have  a  thickness 
more  than  2  feet,  partings  and  impurities  detract  from  the  value 
the  coal. 

The  Cook  mine,  at  locality  53,  T.  30  N.,  R.  20  E.,  is  the  only 
in  the  field.    The  bed  at  this  place,  represented  by  section  No. 
(see  PI.  XX),  contains  a  total  thickness  of  3  feet  3  inches  of 
separated  into  two  benches,  however,  by  a  shale  parting  about 
inches  thick.     The  coal  is  fairly  clean  but  slacks  readily  on  e] 
to  the  atmosphere.     No  other  outcrops  of  this  coal  bed  could  be  foi 
and  its  extent  is  not  known.    It  is  probably  small,  however,  as 
bed  appears  to  be  included  in  a  downthrown  fault  block  and  is 
fore  cut  off  at  either  end  by  faults.    At  the  mine  the  beds  dip  ral 
steeply  to  the  south,  whereas  at  only  short  distances  both  north 
south  of  tlie  mine  the  normal  dip  of  the  strata  is  to  the  north. 

In  the  southwestern  part  of  the  field  several  isolated  outcrops 
coal  were  examined,  but  the  beds  could  not  be  traced  for  any  disi 
The  character  and  thickness  of  these  beds  are  shown  in  sections 
to  52  on  Plate  XX.  In  the  northeastern  part  of  the  field  a  coal 
whose  outcrop  is  traceable  for  about  5  miles  is  exposed  and  this 
was  mapped  from  sec.  11,  T.  30  N.,  R.  21  E.,  to  the  east  side  of 
area.  This  bed  is  from  1  foot  2  inches  to  1  foot  6  inches  thick 
localities  5S  to  60.  At  locality  67,  where  a  few  ranchers  obtain 
fuel  supply  from  a  surface  prospect  on  this  bed,  the  coal  is  1  foot 
inches  thick  and  has  an  inch  parting  near  the  middle.  Above 
occur  two  other  thin  beds  which  are  4  and  6  inches  thick,  respectr 
Two  miles  east  of  locality  67,  sections  Nos.  68  to  71  (PI.  XX) 
measiired  on  the  same  bed.  At  localities  68  and  69  the  bed  is 
than  at  any  of  the  other  places  at  which  it  was  measured.  At 
of  these  localities,  however,  the  lower  part  of  the  bed  is  bony  and  i 
little  value  as  fuel.  In  sees.  16  and  21,  T.  30  N.,  R.  21  E.,  a 
outcrops  at  about  tlie  same  liorizon  and  is  believed  to  be  the 
bed.  As  shown  in  coal  sections  55  to  57  this  bed  ranges  in  thicl 
from  1  foot  6  inches  to  2  feet  and  consists  of  clean  coal  unbroken 
partings. 

In  T.  31  N.,  Rs.  21  and  22  E.,  thin  beds  of  coal  are  exposed  at 
eral  places  on  Snake  and  Boxeldcr  creeks  and  their  tribul 
Sections  Nos.  61  to  66  and  72  to  75,  measured  at  the  places  indi^ 
on  Plate  XX,  show  the  thickness  of  the  coal  at  these  localities, 
the  beds  can  not  be  traced  or  correlated.  At  locality  62  a  bed  1 
9  inches  thick  is  exposed  but  is  separated  into  two  benches  by 

*  The  numlwri  used  to  designate  tho  coal  scctioas  rorresjwnd  with  the  location  numbers  on  tlw: 
(PI.  XX).    The  first  number  used  Is  50  and  the  last  is  75. 
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inches  of  bone,  which  occurs  6  inches  below  the  top  of  the  bed.  The 
thickness  of  the  lowest  bed  shown  in  the  section  at  locality  65  was  2 
feet  11  inches,  but  6  inches  in  the  upper  part  and  12  inches  in  the  lower 
part  contain  too  much  shale  and  bone  to  be  of  any  value  as  a  fuel, 
leaving  but  1  foot  5  inches  of  good  coal.  In  the  same  section  four 
other  beds  of  coal  are  exposed  at  higher  horizons.  Three  of  these 
beds  are  each  less  than  10  inches  thick  and  the  other  one  consists  of  6 
inches  of  bone  and  11  inches  of  impure  coal.  At  locality  66  a  coal 
bed  1  foot  6  inches  thick  is  exposed.  At  locality  75  there  is  exposed  a 
bed  of  very  impure  coal  which  is  1  foot  6  inches  thick.  Above  it  are 
two  other  beds,  one  of  which  is  6  inches  thick  and  the  other  1 1  inches. 
At  each  of  the  other  exposures  in  this  part  of  the  field  the  coal  is  less 
than  1  foot  thick.  As  the  surface  in  this  part  of  the  field  is  generally 
covered  with  drift  the  coal  beds  can  not  be  traced  and  therefore  their 
outcrop  is  not  shown  on  the  map.  A  surface  prospect  in  T.  31  N., 
R.  20  E.,  near  the  south  side  of  sec.  22  has  supplied  fuel  for  settlers 
for  two  or  three  years.  This  bed  is  exposed  at  locality  54,  which  is  at 
the  east  end  of  a  prominent  ridge  forming  the  divide  between  Boxelder 
and  Snake  creeks.  As  shown  in  section  No.  54  three  beds  of  coal  are 
exposed  here,  separated  from  each  other  by  several  feet  of  shale. 
The  two  upper  beds  are  thin  and  have  hot  been  worked.  Most  of  the 
fuel  obtained  from  the  prospect  was  taken  from  the  lower  bed.  At 
the  time  of  the  writer's  visit  the  prospect  had  been  abandoned  because 
of  the  great  amount  of  bone  present  and  the  poor  quality  of  the  coal. 
There  are  no  other  exposures  of  this  bed  and  its  extent  could  not  be 
determined.  The  coal  so  far  as  could  be  ascertained  by  the  writer 
is  very  pockety  in  character  and  does  not  give  promise  of  furnishing 
a  good  grade  of  fuel. 

In  this  field  the  coal  differs  considerably  in  thickness  and  purity 
at  the  localities  where  it  is  exposed,  but  as  a  rule  the  beds  can  not 
be  traced  laterally  and  nothing  is  known  of  their  thickness  or  of  the 
quaUty  of  the  coal  between  the  points  of  exposiu'e.  Immediately 
north  of  the  field  along  Milk  River,  where  exposures  are  more 
numerous  because  of  greater  postglacial  erosion,  Pepperberg  ^  found 
that  the  coal  beds  are  lenticular  in  character  and  range  in  thickness 
^'from  a  fraction  of  an  inch  to  9  feet  at  different  points  on  the  out- 
crop." 

PB0FEBTIE8  OF  THE  COAIi. 

Accurate  determination  of  the  properties  of  the  coal  in  this  district 
was  difficult,  owing  to  the  fact  that  for  the  most  part  only  weathered 
coal  could  be  obtained.  At  the  Cook  mine,  however,  fresh  coal  was 
available  and  at  this  and  other  localities  where  the  coal  seemed  least 
altered  the  following  properties  were  observed:  The  coal  is  black  to 

1  Pepperberg,  L.  J.,  The  Milk  River  coal  field,  Mont:  U.  8.  OeoL  Survey  Bull.  381,  p.  88, 1910. 
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brownish  black  but  becomes  brown  on  weathering,  streak  bro^m, 
luster  bright  to  duU,  fractiure  irregular,  texture  dense,  coherenoe 
tough  to  brittle.  In  places  the  coal  shows  a  tendency  to  prismatic 
jointing.  The  observed  impurities  consist  of  flakes  of  selenite  in 
crevices  and  seams  and  a  brownish  coating  of  an  imdetermined  sub- 
stance on  weathered  surfaces. 

One  sample  for  analysis  was  taken  from  the  Cook  mine,  the  only 
working  mine  in  the  field.  In  taking  the  sample  the  face  of  the  bed 
was  first  freed  from  all  impiuities  and  the  bed  was  then  trenched 
across  from  top  to  bottom.  The  thickness  and  character  of  the  bed 
at  the  point  of  sampling  is  indicated  by  section  No.  53  (PL  XX). 
At  that  place  the  bed  has  a  total  thickness  of  3  feet  8  inches^  but  the 
sample,  from  which  the  shale  and  bone  were  excluded,  represents  a 
thickness  of  only  3  feet  1  inch.  The  sample  was  taken  froni  a  freshly 
broken  face  at  the  end  of  the  mine  workings,  which  consist  of  a 
devious  entry  about  500  feet  long  having  a  general  southward  course. 
At  the  point  of  sampling  the  bed  is  about  65  feet  below  the  siufaoa. 
The  analysis  (No.  14782)  is  presented  below  together  with  representft- 
tive  analyses  of  samples  from  the  Milk  River,  Big  Sandy,  and  Great 
Falls  coal  fields. 

In  the  table  the  analyses  are  given  in  f oiu*  forms,  marked  A,  B,  C, 
and  D.  Analysis  A  represents  the  sample  as  it  comes  froni  the  mine. 
This  form  is  not  well  suited  for  comparison  because  the  amoimt  of 
moisture  in  coal  as  it  comes  from  the  mine  is  largely  a  matter  of 
accident  and  may  vary  widely.  Analysis  B  represents  the  sample 
after  it  has  been  dried  at  a  temperature  of  30®  to  35®  C.  until  its 
weight  becomes  constant.  This  form  of  analysis  is  best  adapted  to 
general  purposes  of  comparison.  Analysis  C  represents  the  theoretical 
condition  of  the  coal  after  all  the  moisture  has  been  eliminated,  and 
analysis  D  its  composition  after  all  moisture  and  ash  have  been 
theoretically  removed.  This  is  supposed  to  represent  the  true  coal 
substance  free  from  the  most  significant  impurities.  Forms  C  and 
D,  which  represent  conditions  that  do  not  actually  exist,  are  derived 
from  the  others  by  recalculation. 

In  making  these  analyses  the  volatile  matter  in  analyses  14782, 
9150,  6318,  6380,  and  14613  was  determined  by  the  modified  method, 
whereas  in  the  other  analyses  the  volatile  matter  was  determined  by 
the  official  method.  The  difference  between  these  two  methods  lies 
in  the  fact  that  in  determining  the  volatile  matter  by  the  modified 
method  the  sample  is  first  given  a  preliminary  heating  of  4  minutes 
over  a  small  flame  and  a  final  heating  of  7  minutes  over  a  flame  20 
centimeters  high,  whereas  in  the  official  method  the  preliminarr 
heating  is  omitted.  This  preliminary  heating  allows  the  moisture  to 
escape  slowly  and  thus  prevents  the  sputtering  which  occiirs  when 
coal  that  is  high  in  moisture  is  placed  directly  over  a  hot  flame.    The 
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mechanical  loss  due  to  such  sputtering,  though  ahnost  negligible  in 
bituminous  coal,  may  amount  to  as  much  as  25  per  cent  in  some 
lignite.  With  lignite  the  modified  method,  by  reducing  the  mechan- 
ical loss  caused  by  sputtering,  has  the  effect  of  decreasing  the  per- 
centage of  volatile  matter  and  increasing  the  percentage  of  fixed 
carbon.  It  is  now  customary  to  use  this  method  in  determining 
the  volatile  matter  in  lignite,  subbituminous  coal,  and  all  other  coal 
which  has  a  moisture  content  of  more  than  10  per  cent. 

365'— Bun.  641—14 2S 
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A  comparison  of  the  results  of  the  analyses  given  in  the  above  table 
shows  that  there  are  no  essential  differences  between  the  coal  of  the 
Cleveland  field  and  that  of  the  Milk  River  field. 

As  compared  with  the  coal  of  the  Big  Sandy  field,  the  coal  of  the 
Cleveland  field  is  considerably  higher  m  moisture,  slightly  higher  in 
fixed  carbon  and  in  heating  value,  and  somewhat  lower  in  volatile  mat- 
ter and  ash.  The  essential  difference  between  the  coal  from  these 
two  fields  lies  in  the  greater  amount  of  moisture  contained  in  the 
Cleveland  coal.  Because  of  this  the  coal  slacks  much  more  readily 
when  exposed  to  weathering. 

The  coal  of  the  Cleveland  field  is  very  much  higher  in  moisture, 
somewhat  higher  in  volatile  matter,  and  considerably  lower  in  fixed 
carbon,  ash,  and  heating  value  than  the  coal  of  the  Great  Falls  field. 
The  Cleveland  coal  is  therefore  inferior  in  quality  to  the  coal  of  the 
Great  Falls  field. 

The  coal  of  the  Cleveland  field  contains  a  high  percentage  of  mois- 
tiu*e.  When  it  is  exposed  to  the  atmosphere  the  moisture  evaporates, 
and  as  a  result  the  coal  cracks  badly  and  finally  crumbles  to  pieces. 
This  property  of  the  Cleveland  coal  separates  it  from  the  bituminous 
coal  of  the  Great  Falls  field  and  all  other  high-grade  coals.  On  the 
other  hand,  its  black  color  and  lack  of  woody  structure  separate  it 
from  lignite.  The  coal  of  the  Cleveland  field  belongs,  therefore,  to 
the  subbituminous  class. 

DEVELOPMENT. 

The  one  mine  in  the  Cleveland  field  is  the  Cook  mine,  situated  near 
the  west  quarter  comer  of  sec.  35,  T.  30  N.,  R.  20  E.  It  is  operated 
during  the  winter  season  and  has  an  output  of  about  600  tons  a  year. 
At  this  place  the  bed  has  a  total  thickness  of  44  inches,  of  which  37 
inches  is  coal.  There  is  evidence  of  structural  disturbance  in  this 
vicinity,  for  the  beds  at  the  mine  dip  rather  steeply  to  the  south, 
whereas  the  normal  direction  of  dip,  both  north  and  south  of  the 
mine,  is  to  the  north..  It  is  probable,  therefore,  that  the  Cook  coal 
occurs  in  a  downf  aulted  block  and  that  the  bed  is  of  small  horizontal 
extent. 

A  surface  prospect  near  the  south  side  of  sec.  22,  T.  31  N.,  R.  20  E. 
Gocation  54),  has  supplied  coal  to  settlers  for  two  or  three  seasons, 
but  has  been  practically  abandoned  because  the  coal  is  impure  and 
difficult  to  obtain. 

The  thinness  of  the  beds  and  the  impmity  of  much  of  the  coal  in 
this  area,  together  with  the  occurrence  of  coal  of  better  quality  on 
Milk  River  immediately  north  of  this  district,  render  it  probable  that 
there  will  be  little  or  no  systematic  development  of  the  coal  beds  of 
this  field. 


THE  BIG  SANDY  GOAL  FIELD,  CHOUTEAU  COUNTY, 

MONTANA. 


By  C.  F.  BowEN 


INTRODUCTION. 

The  Big  Sandy  field  as  here  defined  comprises  an  area  of  aboat 
345  square  miles  included  in  Tps.  25  to  28  N.,  Bs.  13  and  14  E.,  and 
Tps.  25  and  26  N.,  R.  15  E.  of  the  Montana  principal  meiidiAn. 
It  lies  in  north-central  Montana,  north  of  Missouri  River  and  for  the 
most  part  west  of  the  Bearpaw  Mountains.  Its  location  is  shown  on 
the  index  map,  figure  9  (p.  294). 

In  the  Big  Sandy  field  coal  occurs  in  the  Eagle  sandstone  and 
Judith  River  formation  of  Cretaceous  i^e  and  the  Fort  Union  forma- 
tion of  Tertiary  i^e.  The  importance  of  the  field  as  a  coal  producer  is 
almost  entirely  dependent  on  the  extent  of  the  Fort  Union  coaL  These 
beds  occupy  a  small  area  in  the  vicinity  of  the  Mackton  minei  aboul 
6i  miles  northeast  of  Big  Sandy.  Ilie  areal  extent  of  the  coal, 
though  not  accurately  known,  is  probably  small.  At  the  present  time 
no  beds  of  commercial  value  are  known  to  occur  outside  of  sec.  18,  T. 
28  N.,  R.  14  E.  The  coal  in  the  Eagle  sandstone  and  Judith  River 
formation  occurs  in  the  southern  part  of  the  field.  These  coal  beds 
are  too  thin  and  irregular  in  character  to  be  of  present  commercial 
importance. 

During  a  part  of  the  field  season  of  1912  this  area  was  examined 
to  obtain  data  for  the  classification  and  valuation  of  the  land  with 
respect  to  its  coal  content.  In  this  report,  the  general  g^logy  of 
the  field,  the  character  of  the  coal,  and  the  distribution  of  the  coal 
beds,  so  far  as  could  be  ascertained,  are  set  forth. 

The  stratigraphy  of  the  southwestern  part  of  the  area  has  been 
described  by  Weed*  and  the  glacial  geology  by  Calhoun.*  The  coal 
resources  have  been  briefly  discussed  by  L.  J.  Pepperbergi  who  visited 
the  Mackton  coal  mine  in  1908  and  made  a  brief  examination  of  mines 
and  prospects  in  the  vicinity.* 

The  geologic  mapping  upon  which  the  present  paper  is  baaed  was 
done  by  Harvey  Bassler  and  the  writer,  assisted  by  T.  K.  Hania- 

>  Weed,  W.  H.,  U.  S.  Qeol.  Surrey  Qeol.  Atlas,  Fort  Benton  folio  (No.  S5),  1899. 

1  CaUioan,  F.  H.  H.,  The  Montana  lobe  of  the  Keewatln  ioe  sheet:  V .  8.  Oeol.  Qarrtj  Prof.  F»per  90,  VKL 

s  U.  8.  QeoL  Sorvey  BulL  881,  pp.  10»-103, 1910. 
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berger  and  J.  R.  Jaquet,  who,  although  engaged  as  camp  hands, 
rendered  considerable  scientific  assistance.  The  writer  acknowledges 
his  indebtedness  to  the  residents  of  the  district  for  their  generous 
hospitality,  and  is  especially  obligated  to  Messrs.  Paul  H.  Schwartz, 
president  of  the  Mackton  Mine  Co.,  and  John  Pearson,  foreman  of 
the  mine,  for  much  valuable  information  regarding  the  geology  in 
the  vicinity  of  their  property. 

As  land  classification  was  the  prime  object  of  the  investigation, 
the  General  Land  Office  plats  were  made  the  base  for  geologic  map- 
piog,  and  all  locations  were  made  with  reference  to  the  established 
land  comers.  The  work  was  done  on  a  15-inch  plane  table  on  a  scale 
of  2  inches  to  the  mile,  using  telescopic  alidade  and  stadia  for  tracing 
coal  beds  and  open-sight  alidade  and  pacing  for  meandering  geologic 
boundaries. 

The  accompanying  map  (PI.  XXI,  p.  372)  was  compiled  from  the 
field  sheets  made  in  the  course  of  the  writer's  examination  and  also 
from  the  General  Land  Office  plats,  from  which  most  of  the  drainage 
and  roads  were  taken.  The  map  presents  the  distribution  and  atti- 
tude of  the  geologic  formations  as  interpreted  from  a  study  of  the 
scanty  exposures,  the  outcrops  of  the  principal  coal  beds,  the  locations 
of  measured  coal  sections,  and  also  the  principal  roads  and  streams  of 
the  district.  The  greater  part  of  the  area  is  covered  by  glacial 
drift,  which  obscures  the  outcrops  of  the  older  formations  and  renders 
both  the  geologic  structure  and  the  positions  of  the  formation  bound- 
aries tmcertain;  in  many  places,  therefore,  the  distribution  of  the 
formations  shown  on  the  map  is  partly  hypothetical.  The  bound- 
aries are  indicated  by  soUd  lines  where  there  i3  reasonable  certainty 
regarding  their  location  and  by  broken  lines  where  there  is  less 
certainty;  where  their  location  is  entirely  hypothetical  they  are 
omitted.  In  the  northern  part  of  the  field,  in  the  vicinity  of  the 
Mackton  mine,  the  drift  covering  is  so  nearly  universal,  and  the 
structure  of  the  older  rocks  where  they  are  exposed  i3  so  compUcated, 
that  it  was  not  possible  to  determine  the  extent  of  the  coal-bearmg 
formation;  therefore,  on  that  part  of  the  map  only  the  drift  is  shown. 

The  Montana  Central  division  of  the  Great  Northern  Railway, 
extending  from  Great  Falls  to  Havre,  crosses  the  extreme  north- 
western comer  of  this  field.  All  parts  of  the  area  are  accessible 
by  wagon  roads  from  the  railroad  town  of  Big  Sandy.  Because  of 
the  somewhat  rugged  character  of  a  portion  of  the  area  the  roads  in 
general  follow  the  crests  of  ridges. 

At  present  the  area  is  very  sparsely  settled.  Big  Sandy,  which 
has  a  population  of  about  250,  is  the  only  town  and  is  the  distributing 
center  for  a  large  extent  of  country.  Considerable  stimulus  has  re- 
cently been  given  to  the  acquisition  and  settlement  of  lands  in  this 
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part  of  the  State  by  the  method  of  raising  crops  without  inigati<m, 
known  as  ''dry  farming."  Farming  and  stock  raising  are  the  piin- 
cipal  industries. 

TOPOGRAPHY, 

This  coal  field  Ues  in  the  Great  Plains  province,  which  extends 
from  the  Rocky  Mountain  front  eastward.  In  this  part  of  Montana 
the  plains  are  broken  by  numerous  isolated  mountain  ranges,  one  of 
which,  the  Bearpaw  Mountains,  Ues  partly  within  the  Big  Sandy 
field  and  extends  eastward  for  a  distance  of  about  40  miles.  The 
remainder  of  the  field  is  an  elevated,  somewhat  dissected  plain. 
Locally  badlands  are  developed,  being  especially  prominent  along 
Missouri  River  in  the  southwestern  part  of  the  area.  There  the  river 
is  bordered  by  vertical  sandstone  cliffs  75  to  100  feet  high  known  as 
the  ''stone  walls,"  which  are  sculptured  by  weathering  into  many 
curious  and  picturesque  forms.  Another  modification  of  the  pie- 
vailing  type  of  topography  occurs  in  the  northwestern  part,  where 
a  broad,  flat  alluvial  valley,  the  preglacial  channel  of  Missouri  River,^ 
forms  a  marked  contrast  with  the  other  topographic  features. 

The  area  is  drained  by  branches  of  Missouri  River.  Most  of  the 
streams  are  small  and  enter  that  river  directly,  but  some  of  them 
flow  into  Milk  River,  which  joins  the  Missouri  about  160  miles  farther 
east.  The  more  important  tributaries  of  Missouri  River  are  Eagle 
Creek,  Sheep  Coulee,  Alkali  Coulee,  and  Little  Sandy  Creek;  those  of 
Milk  River  are  Big  Sandy  and  Gorman  creeks.  There  is  an  interesting 
adjustment  of  drainage  in  the  western  part  of  the  area,  where  Big 
Sandy  and  Little  Sandy  creeks  are  diverted  almost  at  right  angles 
from  their  westward  courses.  Big  Sandy  Creek  on  entering  the 
abandoned  channel  of  Missouri  River  foUows  it  northward  to  Milk 
River,  whereas  Little  Sandy  Creek  on  entering  this  same  channel 
turns  toward  the  south  just  west  of  the  area  mapped  and  flows  to 
the  present  channel  of  the  Missouri.  In  this  old  channel  the  divide 
separating  Big  and  Little  Sandy  creeks  is  so  low  that  it  is  scarcely 
perceptible  to  the  eye,  but  according  to  Calhoun  *  it  is  formed  by  a 
terminal  moraine  that  marks  the  southernmost  extent  of  the  last 
advance  of  the  ice  sheet. 

OEOIiOGY. 

STBATIGBAPHY. 

OCOUBBENCE  AND  OHABAOTEB  OF  THE  ROCKS. 

The  sedimentary  rocks  exposed  in  the  Big  Sandy  field  consist  of 
beds  of  sandstone,  shale,  and  clay  of  Upper  Cretaceous  and  Tertiaiy 
ages  and  deposits  of  glacial  drift  and  alluvium  of  Quaternary  age. 

»  Calhoun,  F.  H.  H.,  op.  dt. 
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Inasmuch  as  the  coal,  with  which  this  report  is  primarily  concerned^ 
occurs  in  the  Montana  group  of  the  Cretaceous  and  in  tlie  overlying 
Fort  Union  formation;  the  field  study  was  confined  chiefly  to  these 
formations  and  they  are  discussed  in  more  detail  than  are  those  that 
contain  no  coal.  These  rocks  have  been  previously  studied  in  adja- 
cent areas  in  Montana  by  Weed^  and  by  Stanton  and  Hatcher,' 
who  have  subdivided  them  into  groups  and  formations  and  determined 
their  geologic  ages.  The  following  table  shows  the  stratigraphic  suc- 
cession,  character,  and  thickness  of  the  formations  in  the  Big  Sandy 
field: 

Oeneralized  section  of  the  sedimentary  rocks  of  the  field. 


System  and  Mriss. 

Group  and  forma- 
tion. 

Thlclt. 
ness. 

Character. 

Alloyiom. 

FeeL 
0-20± 

Qoatemary. 

Bench  graveL 

0-10± 

A  mixture  of  pravel  and  finer  material  derived  from 
the  near-by  mountains. 

Glacial  drift. 

0-60± 

Contains  numenms  bowlders  of  granite,  gneiss,  and 
quartsite;  a  loen-Uke  material  containing  a  few 
waterwom  pebbles  caps  the  blulb  along  Missouri 
River  and  lb  tributaries. 

Tertiary  (Eocene). 

Fort  Union  forma- 
tion. 

7(Xi± 

A  lower  massive  sandstone,  overlain  by  thin  sand- 
stone beds,  alternating  with  clay  shale;  contains  the 
best  coal  in  the  fleid. 

• 

p 
g 

Bearpaw  shale. 

(•) 

Dark-colored  marine  shale,  containing  calcareous  con- 
cretions in  which  are  found  BaeuUUt  ovahu,  B. 
eomprunUf  SoapkUet  nodotut,  and  other  Pierre 
forms. 

Judith  River 
jbrmation. 

500± 

Brown  to  light-yellow  sandstone  and  ash-oolored  clay 
and  shale,  containing  fresh  and  brackish  water  In- 
vertebrates; also  remains  of  vertebrates;  contains 
thin  beds  of  low-grade  coaL 

Cretaceous  (Upper 
Cretaceous). 

ClafSfcett  forma- 
tion. 

350^600 

Like  the  Bearpaw  both  lithok)gically  and  paleonto- 
logically. 

Eaffle    sand- 
stone. 

250-300 

Thin-bedded  to  shalv  sandstone,  some  massive  to 
hnavy-bedded  white  to  biifl  sandstone,  drab  to 
light-colored  clay  and  shale,  some  of  which  is  car- 
bonaceous and  contains  thin  beds  of  low-grade  ooal. 

Colorado  shale. 

(•) 

Dark  marine  shale  alternating^  with  thin  beds  of 
sandstone  and  sandy  shale. 

a  Undetermined. 


i  Weed,  W.  H.,  op.  oit. 

>  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the  Judith  River  beds:  U.  S.  Geol. 
Survey  BuU.  257, 1905. 
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CBBTACEOUS  SYSTEM. 
OOLOBADO  8HAXX. 

The  oldest  formation  exposed  in  the  field  is  the  gray  Colorado 
shale.  This  shale  outcrops  along  Missouri  River  and  its  lower  por- 
tion is  typically  developed  at  Fort  Benton,  30  miles  to  the  southwest, 
which  is  the  type  locality  of  the  Benton  shale.  In  the  Dakotas, 
Nebraska,  Colorado,  and  elsewhere  the  upper  limit  of  the  Benton 
shale  was  fixed  by  an  overlying  limestone — ^the  Niobrara — ^which  is 
typically  developed  on  Missouri  River  at  the  mouth  of  the  Niobraia. 
These  two  formations — ^the  Benton  and  Niobrara — constitute  the 
Colorado  group,  but  in  this  field,  as  elsewhere  in  north-central 
Montana,  the  Niobrara  limestone  as  such  is  not  present  and  the 
Colorado  shale  appears  to  be  the  time  equivalent  of  both  the  Benton 
shale  and  Niobrara  limestone  of  other  localities.  It  has  therefore 
become  customary  to  refer  to  the  formation  in  this  part  of  the  State 
as  the  Colorado  shale  rather  than  as  the  Benton  shale. 

The  upper  part  of  the  Colorado  consists  of  lead-gray  shale  aIte^ 
nating  with  thin  beds  of  sandy  shale  and  impxure  sandstone.  Lower 
down  in  the  formation  the  shale  is  more  homogeneous  and  unifonnly 
dark  gray.  The  shale  contains  limestone  concretions  in  which 
marine  fossils  are  found.  Only  the  upper  part  of  the  formation  is 
exposed  in  this  field  and  the  entire  thickness  of  the  formation  was 
therefore  not  determined;  in  the  Fort  Benton  quadrangle  its  thick- 
ness as  measured  by  Weed^  is  1,850  feet,  but  this  includes,  at  the 
base,  part  of  the  rocks  now  referred  to  the  Kootenai  formation.  Hie 
Colorado  shale  is  exposed  in  the  Big  Sandy  field  only  in  the  valley 
of  Missouri  River.  In  general  only  a  few  feet  of  the  formation  is 
exposed  above  water  level,  but  in  some  places  it  has  been  elevated 
by  faulting  to  the  top  of  the  river  bluffs,  as  for  example  at  the  mouth 
of  Alkali  Coulee. 

BAOLB  SAKDSTOHB. 

The  Colorado  shale  is  overlain  by  the  Eagle  sandstone,  so  named  * 
from  its  excellent  exposures  at  the  mouth  of  Eagle  Creek  in  the  south- 
west comer  of  the  field.  This  sandstone,  according  to  Stanton  and 
Hatcher'  represents  the  lower  part  of  the  Montana  group;  all  the 
fossils  collected  from  it  by  the  writer  have  been  reported  by  Stan- 
ton to  be  of  Montana  age. 

As  developed  in  this  locality,  the  Eagle  consists,  typically,  of  three 
members.  The  lowest  is  a  massive  cross-bedded  and  locally  heavy- 
bedded  white  sandstone,  containing  numerous  small  sandstone  con- 
cretions that  appear  rusty  on  the  weathered  surfaces;  the  maximum 
thickness  of  this  member  is  120  feet.     The  middle  division  consists 

tWeed,  W.H.I  op.  olt. 

s  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  op.  dt,,  pp.  0S«  00. 
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»f  75  to  100  feet  of  dark-colored  shale,  which  is  carbonaceous  at  some 
Lorizons  and  contams  thin  irregular  beds  of  coal.  The  upper  division 
lonsists  of  thin-bedded  gray  sandstone.  The  total  thickness  of  the 
ormation  is  250  to  300  feet;  but  its  full  thickness  is  not  exposed  in 
kny  one  section.  It  outcrops  only  in  the  southwestern  part  of  the 
krea  along  Missouri  River  and  its  tributaries,  where  the  overlying 
;lacial  drift  has  been  removed  by  erosion.  The  massive  sandstone 
kt  the  base  of  the  formation  is  more  resistant  than  the  underlying 
jid  overlying  shales  and  forms  cliffs  75  to  100  feet  high. 

The  Eagle  sandstone  lies  conformably  on  the  Colorado  shale,  from 
rhich  it  is  distinguished  by  its  striking  lithologic  differences,  but 
^ow  the  base  of  the  Eagle  as  here  considered  there  is  a  transition 
one  consisting  of  alternating  beds  of  shale  and  sandstone  that  are 
i  lighter  color  and  more  sandy  than  the  typical  Colorado  shale.  No 
ossils  from  which  age  determinations  can  be  made  were  found  in 
he  transition  beds,  but  lithologically  they  seem  to  belong  to  the 
/olorado,  and  because  of  the  change  from  them  to  the  overlying 
Qassive  sandstone  the  base  of  the  sandstone  is  taken  as  the  line  of 
eparation  between  the  Eagle  and  the  Colorado. 

OZJiaOSTT  rOBXATZOV. 

The  Claggett  formation,  so  named  by  Sta.ton  and  Hatcher/  is  in 
his  area  a  dark-colored  marine  shale  overlying  the  Eagle  sandstone, 
rhe  Claggett  formation  has  been  determined  to  be  the  equivalent  of 
k  part  of  the  Pierre  shale.  It  contains  BaculiUs  ovatus,  Baculitea 
ompressua,  Inoceramus  bardbini,  OerviUia  horealis,  and  other  forms 
haracteristic  of  the  Pierre. 

The  Claggett  consists  chiefly  of  dark-gray  shale  containing  numer- 
ous calcareous  concretions,  the  largest  of  which  are  several  feet  in 
liameter.  These  concretions  contain  most  of  the  fossils  found  in  the 
ormation.  Because  of  poor  exposures  the  thickness  of  the  formation 
vaa  not  determined  in  the  Big  Sandy  field,  but  in  the  vicinity  of 
Tudith,  about  40  miles  farther  east,  the  shale  is  about  500  feet  thick. 

The  lower  part  of  the  formation  is  well  exposed  in  the  southwestern 
^art  of  the  field  along  many  of  the  coulees  tributary  to  Missouri 
liver,  but  elsewhere  it  is  in  general  covered  by  glacial  drift  and 
he  boundaries  can  not  be  accurately  located  except  in  a  few  places. 
Tor  this  reason  the  boundaries  shown  on  the  map  are  only  approxi- 
nately  correct.  For  the  most  part  the  outcrop  of  the  Claggett  occu- 
des  a  zone  between  the  exposures  of  the  Eagle  sandstone  and  those 
>t  the  Judith  River  formation,  but  in  some  places  in  the  vicinity  of 
)ig  Sandy  Creek  small  exposures  of  dark  shale  are  apparently  001^ 
ounded  by  the  Judith  River  formation.    These  are  rep] 
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Claggett  on  the  map,  on  the  assumption  that  the  shale  iindeilies  the 
Judith  River  and  has  been  exposed  by  folding  and  erosion.  It  is 
possible,  however,  that  the  shale  exposed  at  some  of  these  localities 
belongs  in  reality  to  the  Bearpaw,  and  has  been  faulted  down  among 
the  Judith  River  beds. 

The  Claggett  overlies  the  Eagle  sandstone  conformably  and  is 
rather  sharply  contrasted  with  it  lithologically  by  reason  of  its  shaly 
character,  its  dark  color,  and  the  presence  of  limestone  concretions. 
At  the  base  of  the  Claggett,  however,  a  zone  of  sandy  shale  consti- 
tutes a  transition  to  the  Eagle  sandstone  below,  and  at  the  top  then 
is  a  similar  transition  zone  to  the  overlying  Judith  River  formation. 

At  the  mouth  of  Judith  River  and  elsewhere  in  that  region  there 
Is  between  the  main  body  of  shale  in  the  typical  Claggett  and  the 
overlying  fresh-water  beds  from  100  to  200  feet  of  alternating  marine 
shale  and  sandstone,  which  becomes  more  sandy  toward  the  top, 
where  there  is  a  bed  of  massive  yellow  sandstone  ranging  from  a  few 
feet  up  to  20  feet  or  more  in  thickness.  This  zone  of  alternating 
shale  and  sandstone  carries  a  marine  invertebrate  fauna  which  is 
perhaps  most  abimdant  in  the  upper  massive  sandstone.  Because  of 
the  marine  faima  and  because  of  the  previously  defined  base  of  the 
Judith  River  formation  above  them,  Stanton  and  Hatcher  included 
these  beds  in  the  Claggett  formation,  although  lithologically  they  are 
much  more  closely  allied  with  the  Judith  River.  In  the  Big  Sandy 
field,  however,  the  sandstone  overlying  the  dark  marine  shale  of  thuB 
Claggett,  although  similar  in  Uthologic  character  and  stratigraphic 
position  to  the  marine  sandstone  at  the  mouth  of  Judith  River,  is  of 
fresh  or  brackish  water  origin.  This  is  proved  by  the  occurrence  in 
it  of  fresh  or  brackish  water  shells  and  beds  of  carbonaceous  shale. 
As  there  is  no  evidence  of  an  erosion  interval  between  the  shale  of 
the  Claggett  formation  and  these  fresh-water  beds,  it  is  possible  that 
these  beds  are  the  time  equivalent  of  the  marine  sandstone  at  the 
mouth  of  Judith  River,  but  to  the  writer  it  seems  more  logical 
that  the  name  Claggett  formation  should  be  restricted  in  this  field 
to  the  marine  shale  and  that  the  overlying  sandstone  should  be 
included  in  the  Judith  River  formation. 

JUDriH  RIVER  FORMATION. 

The  Judith  River  formation  overlies  the  Claggett  and  is  princi- 
pally of  fresh  or  brackish  water  origin.  This  formation  was  named 
by  Hayden  *  in  1872,  though  its  stratigraphic  relation  was  not  then 
imderstood.  In  their  work  on  the  Judith  River  formation  •  Stanton 
and  Hatcher  detenmned  that  the  formation  belongs  in  the  Montana 

>  Hayden,  F.  V.,  Geology  of  the  Missouri  Valley:  U.  8.  Geol.  Survey  of  Wyoming  and  portloos  of 
tigoous  Territories,  Preliminary  (Second)  Rept.  progress,  p.  97, 1873. 
■  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  op.  clt.,  1906. 
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group  and  is  the  time  equivalent  of  a  part  of  the  Pierre  shale.  Their 
conclusion  was  borne  out  by  the  work  of  the  writer  in  this  area. 

The  Judith  River  formation  consists  of  light-colored  alternating 
beds  of  sandstone  and  shale  in  which  occur  thin  beds  of  carbonaceous 
shale  and  coal,  the  latter  of  little  economic  importance  in  this  field. 
In  some  places  the  sandstones  are  cross-bedded  and  ripple  marked 
and  contain  ferruginous  and  sandy  calcareous  concretions  which 
have  a  general  resemblance  to  the  more  sandy  concretions  of  the 
Claggett.  There  is  considerable  Uthologic  variation  in  the  beds,  both 
horizontal  and  vertical,  which  renders  it  impossible  to  match  up  sec- 
tions measured  at  separate  localities.  The  thickness  of  the  formation 
was  not  determined  in  this  area  because  of  lack  of  good  exposures 
and  uncertainty  as  to  structure.  However,  in  other  areas  in  this 
part  of  the  State  the*  formation  is  about  500  feet  thick. 

The  general  distribution  of  the  Judith  River  formation  is  shown 
on  the  map  (PL  XXI,  p.  372),  but  as  the  formation  is  largely  obscured 
by  glacial  drift,  the  boundaries  shown  are  more  or  less  hypotheticaL 
Tlie  formation  is  beUeved  to  underUe  different  areas  in  the  northern 
part  of  the  field,  but  it  is  impossible  from  a  surface  study  of  the 
formation  to  draw  the  boimdary  between  it  and  the  younger  rocks; 
in  that  part  of  the  area,  therefore,  the  rocks  underlying  the  glacial 
drift  are  not  represented  on  the  map. 

There  is  a  narrow  transition  zone  between  the  Judith  River  and 
the  imderlying  Claggett,  and  the  formation  is  also  conformable  be- 
neath the  Bearpaw  shale.  This  normal  relation  exists  over  a  small 
area  in  the  northeast  part  of  T.  26  N.,  R.  15  E.,  but  elsewhere 
throughout  the  field  the  Judith  River  \a  cut  off  by  igneous  rocks  or 
appears  to  be  in  fault  contact  with  yoimger  formations. 


The  Bearpaw  shale  was  named  by  Stanton  and  Hatcher  ^  '^  because 
it  is  well  exposed  in  the  area  south,  east,  and  north  of  the  Bearpaw 
Mountains.''  This  shale  contains  a  fauna  which  elsewhere  is  re- 
garded as  typical  of  the  Pierre.  The  Bearpaw  is  therefore  the  equiv- 
alent of  the  upper  part  of  the  Pierre  and  in  areas  to  the  southeast, 
between  Missouri  and  Musselshell  rivers,  is  directly  overlain  by  the 
Lance  formation. 

The  Bearpaw  is  a  lead-gray  marine  shale,  containing  calcareous 
concretions  which  yield  most  of  the  fossils  of  the  formation.  In  both 
Uthologic  and  paleontologic  characters  the  Bearpaw  resembles  the 
shale  of  the  Claggett  formation  so  closely  that  in  many  places  the 
two  can  not  be  definitely  distinguished  except  in  their  stratigraphic 
relations.    As  only  a  part  of  the  formation  is  exposed  in  this  field. 
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its  thickness  was  not  determined,  but  in  other  localities  it  is  known 
to  be  1,000  to  1,100  feet  thick. 

In  the  northeastern  part  of  T.  26  N.,  R.  15  E.,  a  small  body  of  ma- 
rine shale  appears  to  rest  conf ormabbf  on  the  Judith  River  formatioii 
and  is  therefore  called  Bearpaw.  Another  small  mass  of  dark  shak 
overlies  beds  which  seem  to  belong  to  the  Judith  River  in  sec.  24, 
T.  27  N.,  R.  14  E.,  at  the  base  of  the  Bearpaw  Mountains.  The  onlf 
direct  evidence  of  the  age  of  this  shale  is  its  apparent  stratigraphic 
position  above  the  Judith  River.  The  structure  is  doubtful,  however, 
and  steep  dips  and  variable  strikes  in  a  few  small  exposures  suggest 
fault  relations ;  it  may  be,  therefore,  that  the  shale  represents  some 
other  formation.  In  the  vicinity  of  the  Mackton  coal  mine  then 
are  several  isolated  exposures  of  similar  marine  shale  which  seeois  to 
underUe  the  coal-bearing  formation  (Fort  Union)  and  to  overlie  un- 
doubted Judith  River  beds.  The  fossils  collected  from  this  shale  are  re- 
garded by  Mr.  Stanton  as  more  nearly  allied  to  those  of  the  Bearpaw 
shale  than  to  those  of  the  Claggett.  The  structural  conditions  are 
uncertain  at  these  places,  but  the  apparent  stratigraphic  relation  of 
the  shale  and  the  fossils  it  contains  suggest  that  it  is  of  Bearpaw  age. 
The  distribution  of  the  Bearpaw  in  the  vicinity  of  the  Mackton  mine 
can  not  be  determined  because  the  shale  is  exposed  at  only  a  few 
places  and  other  evidence  indicates  the  existence  of  faults  by  which 
the  shale  may  in  some  places  be  entirely  cut  ouU  Its  distribution, 
however,  b  probably  greater  than  the  exposures  indicated  on  the  map. 

The  Bearpaw  is  conformable  above  the  Judith  River,  and  appar- 
ently also  underlies  the  Fort  Union  formation  conformably,  except  in 
places  where  faulting  has  disturbed  these  relations.  The  Fox  Hlls, 
Lance,  and  livingston  formations,  which  at  some  localities  in  Mon- 
tana occur  between  the  Bearpaw  (or  Pierre)  and  the  Fort  Union,  are 
not  present  in  this  or  immediately  adjacent  fields.  The  absence  of 
these  formations  indicates  either  a  stratigraphic  break  or  different 
conditions  of  deposition  at  the  localities  where  these  beds  do  not  occur. 
Therefore,  although  there  is  apparent  conformity  between  the  Bear- 
paw and  the  overlying  Fort  Union  formation,  there  may  really  be  a 
time  break. 

TERTIARY   SYSTEM. 
rOBT  TJWIOW  FGBIIATIGN. 

The  coal-bearing  formation  at  the  Mackton  mine  is  classed  as  Fort 
Union  on  the  basis  of  fossil  plants  collected  from  it  at  the  mine  and 
at  a  locality  about  2  miles  farther  east.  The  stratigraphic  poationof 
these  beds  in  the  Fort  Union  has  not  been  determined;  their  presence 
at  this  locality,  far  removed  from  all  other  known  areas  of  Port  Union 
rocks,  is  due  to  faulting,  which  has  brought  the  beds  down  to  the 
level  of  older  rocks. 
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The  Fort  Union  consists  of  alternating  layers  of  sandstone,  sandy 
shale,  and  shale.  The  formation  is  of  variable  color,  but  light  shades 
of  buff,  yellow,  green,  blue,  and  gray  predominate.  It  contains  one 
or  more  coal  beds.  A  massive  cross-bedded  yellowish  sandstone 
occurring  near  the  base  is  relatively  resistant  to  erosion  and  forms 
cliffs  and  ledges.  The  overlying  beds  weather  down  readily  and  are 
as  a  rule  not  exposed  at  the  surface.  The  thickness  of  the  formation 
at  the  Mackton  mine  is  estimated  as  about  700  feet,  although  only 
about  350  feet  are  well  exposed. 

No  accurate  statement  can  be  made  of  the  distribution  of  the  Fort 
Union  formation  in  this  field,  because  of  the  complex  structure  and 
the  almost  universal  covering  of  drift.  There  is  no  clue  as  to  the 
position  of  the  southern  boundary  of  the  formation.  On  the  north 
there  are  several  small  isolated  exposures  of  a  massive  sandstone, 
similar  in  appearance  to  that  near  the  base  of  the  section  at  the 
Mackton  mine.  These  exposures  extend  northeast  from  a  point  near 
the  southwest  comer  of  sec.  12,  to  the  north  quarter  comer  of  sec.  1, 
T.  28  N.,  R.  14  Ei  If  these  outcrops  represent  the  same  sandstone 
as  that  at  the  Mackton  mine,  their  positions  should  indicate  approxi- 
mately the  northern  limit  of  the  formation,  unless  it  is  repeated  still 
farther  to  the  north  by  faulting.  On  the  east  the  sedimentary  rocks 
are  all  cut  off  by  igneous  intrusions  of  the  Bearpaw  Mountains. 

QUATEBNABT  SYSTEM. 

The  Quaternary  deposits  comprise  glacial  drift,  bench  gravel,  and 
alluvium;  the  drift  is  the  most  widespread  of  these  deposits  and 
covers  the  surface  of  almost  all  the  area. 

Over  most  of  the  district  the  drift  consists  of  a  heterogeneous  mix- 
ture of  sand,  gravel,  and  bowlders,  variable  in  size  and  in  lithologic 
character.  The  most  numerous  and  conspicuous  erratics  are  graniteS| 
gneisses,  and  quartzites  that  obviously  have  been  transported  from 
distant  regions,  inasmuch  as  they  are  totally  unlike  any  rocks 
occurring  in  place  in  this  part  of  Montana,  ^ong  lifissouri  River 
and  its  tributaries,  however,  the  bluffs  are  capped  by  a  deposit  of 
light-yellow,  partly  consolidated,  loesslike  sand  and  clay  which  is  in 
places  apparently  stratified  and  as  a  rule  contains  a  few  small  water- 
worn  pebbles.  This  deposit  is  doubtless  due  to  some  phase  of  glacial 
action. 

The  drift  covers  almost  all  the  field  but  does  not  occur  in  that  part 
occupied  by  the  Bearpaw  Mountains.  The  boundary  of  the  drift- 
covered  area  is  shown  on  the  map  (Fl.  XXI,  p.  372). 

Near  the  Bearpaw  Mountains  those  areas  that  are  not  drift-covered 
are  in  most  places  overspread  by  gravel  derived  chiefly  from  the 
igneous  rocks  of  the  near-by  mountains.    In  general,  this  gravatgj 
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obscures  the  outcrops  of  the  older  formations  as  completely  as  does 
the  drift. 

The  preglacial  chamiel  of  Missouri  River,  crossing  the  northwest 
comer  of  the  field,  is  occupied  by  alluvium.  Similar  deposits  ci 
smaller  extent  occur  along  the  present  channel  of  Afiasouri  River 
and  some  of  the  small  tributary  streams. 

IGNEOUS  BOCKS. 

The  Bearpaw  Moimtains  consist  of  igneous  rocks  of  intrusive  aiul 
extrusive  origin  and  of  both  acidic  and  basic  character.  They  have 
been  briefly  described  by  Weed  and  Pirsson.^  Dikes  and  silb  of 
these  rocks  radiate  from  the  main  moimtain  mass  and  some  of  them 
outcrop  at  a  considerable  distance  from  the  moimtains.  These 
dikes  and  sills  have  had  little  effect  on  the  inclosing  strata,  which  are 
but  slightly  metamorphosed  and  have  suffered  no  apparent  displace- 
ment by  the  intrusion. 

STBTJCTT7BB. 

Because  of  the  general  covering  of  glacial  drift  and  alluvium,  om- 
tinuous  exposures  of  the  imderlying  formations  are  lacking  and  the 
structure  is  extremely  obscure  and  difficult  to  interpret.  Excq>t 
locally  where  the  drift  cover  is  very  thin,  exposures  of  sedimentary 
rocks  occur  only  along  the  streams  and  coulees,  where  erosion  has 
removed  the  glacial  material.  A  study  of  these  exposures  shows  that 
the  original  attitude  of  the  rocks  has  been  disturbed  locally  by  fault- 
ing, but  because  of  the  conditions  described  above  the  faidt  lines 
can  not  bo  traced,  and  in  many  places  the  existence  of  a  fault  can  be 
inferred  only  by  a  pronounced  change  in  the  dip  or  strike  of  the  strata 
at  near-by  exposures.  Along  Missouri  River,  however,  where  the 
best  exposures  occur,  faults  are  plainly  visible;  different  formations 
end  abruptly  against  one  another  along  the  strike  or  are  repeated  in 
the  direction  of  dip  several  times  in  succession,  as  at  the  mouth  of 
AlkaU  Coulee.  The  location  of  a  few  of  the  most  obvious  faults  is 
shown  on  the  map.  Suggestions  of  other  faults  are  niunerous,  and 
it  is  probable  that  still  others  are  entirely  obscured  by  the  surface 
covering. 

THE  COAIi. 

OCGUKBENCE. 

The  best  grade  of  coal  and  the  thickest  and  most  extensive  beds 
occur  in  the  Fort  Union  formation  in  T.  28  N.,  R.  14  E.,  as  shown  on 
the  map  (PL  XXI,  p.  372).  Thin  irregular  beds  of  poor  coal  are 
f oimd  in  the  Eagle  and  Judith  River  formations  in  the  southern  part 
of  the  field.     For  convenience  of  discussion  the  coal  beds  are  grouped 

>  Weed,  W.H.. and  Pirsson,  L.  V.,  The  Bearpaw  Mountains,  Mont.:  Am.  Jour.  Set.,  4th  sv.,  tqI.  LPP* 
383-801  351-363;  vol.  2,  pp.  13<^148, 18&-109, 1896. 
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au^cording  to  geologic  formations  and  are  so  presented  in  this  report. 
AlS  the  area  occupied  by  the  Fort  Union  formation,  though  not  accu- 
rately determined,  is  known  to  be  small,  it  follows  that  the  conmier- 
sially  valuable  coal  of  the  field  is  restricted  to  a  relatively  small  area. 

COAL  IN  THB  EAGLE  SANDSTONE. 

Exposures  of  coal  in  the  Eagle  sandstone  are  confined  to  the  south- 
western part  of  the  field.  The  coal  occurs  in  a  zone  50  to  100  feet 
thick  near  the  middle  of  the  formation  and  above  the  white  massive 
basal  sandstone.  Several  coal  beds  of  variable  thickness  and  purity 
are  present,  the  most  important  of  which  is  immediately  above  a 
black  shale  containing  large  ironstone  concretions  at  its  base.  It  is 
20  to  30  feet  above  the  top  of  the  white  massive  sandstone,  and  the 
outcrop  of  the  coal  bed  therefore  corresponds  closely  to  that  of  the 
apper  rim  of  the  sandstone  ledge.  The  coal  sections  ^  measured  on 
these  beds  are  shown  in  fig.  11  (p.  373),  Nos.  17  to  32. 

The  lowest  bed,  here  designated  bed  A,  is  the  most  important, 
ranging  in  thickness  from  15  to  36  inches.  It  is  shown  in  sections 
Nos.  22,  23,  and  32,  and  is  the  lowest  bed  shown  in  sections  Nos. 
24,  25,  and  26  (fig.  11).  The  bed  is  variable  in  character;  in  some 
places  it  consists  of  one  imbroken  bench,  in  others  it  is  split  by 
bone  or  shale  partings  into  several  benches,  and  at  locality  23a  it 
consists  entirely  of  carbonaceous  shale.  At  locality  32  there  is  31 
inches  of  coal  in  three  benches  separated  by  partings  3  inches  thick. 
The  following  sections  show  the  character  of  bed  A  at  different 
localities: 

Section  at  locality  tS,  near  east  quarter  comer  of  uc.  5  (unsiarveyed),  T,  t5  N.^  R.  IS  B, 

Ft.     !n. 

Coal  (eection  No.  23,  fig.  11) 2       4 

Shale 10 

Shale,  carbonaceous 2 

Clay 10 

Shale,  carbonaceous 6  - 

Clay 10 

Shale,  bed  A,  carbonaceous,  with  coaly  streaks 4=1: 

Clay,  drab,  with  iron  concretions  in  middle,  to  white,  massive 
sandstone  (estimated) 20 

63       4 

1  Th«  coal  aectlons  are  referred  to  by  numbers  which  correspond  with  those  used  on  the  map  (PI.  XXI). 
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Section  at  locality  tt,  en  east  bank  of  Miswuri  River,  aee.  9,  T.  tS  N.,  R.  IS  B. 

Ft.   ki. 

Coftl  (section  No.  22,  fig.  11) 7 

Shale  and  eandfltone,  alternating 5       9 

Clay 9 

Slude,  carbonaceous 1 

Coal,  bony,  bed  A 6 

Shale,  carbonaceous 1 

Clay,  black 19 

Shale,  carbonaceous,  with  lenses  of  coal  and  carbonized  wood 8 

Clay 3 

Sandstone,  white,  massive.  

40       6 

The  following  sections  were  measured  in  the  bluffs^  on  the  north 
side  of  Missouri  River  in  T.  26  N.,  R.  12  E.,  which  lies  just  west  of  the 
area  shown  on  the  accompanying  map  (PI.  XXI,  p.  372) : 

Section  at  Coal  Banke,  on  north  tide  of  Miesouri  River,  near  toeet  $ide  qf  T.  26  N.,  R.  IS  B, 

Ft.   to. 

Clay,  gray 10 

Shale,  carbonaceous 1 

Coal 3 

Qay 3 

Coal,  with  3  inches  of  bone  6  inches  above  base 1     2 

Clay  and  brown  shale 1     8 

Coal 1 

Clay,brown 1     3 

Sandstone,  aigiUaceous 5 

Clay 2     6 

Shale,  carbonaceous 1 

Clay 1 

Coal 4 

Bone 6 

Qay 10 

Shale,  brown 1 

Clay 6 

Bone 4 

Clay 1 

Coal 8 

Clay 1 

Bone 4 

Clay e 

Sand,  yellow,  loose 6 

Shale 1 

Sandstone,  white,  massive.  

56     1 


Bed  A 


b 


Bed  A 
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Section  on  north  $ide  of  Mia$our%  Rivetf  about  1)  miiU$  eatt  of  Cool  Banki, 

Ft  in. 

Clay,  drab 10 

Bone 10 

Coal 2 

Shale 3      6 

Bone 8 

Clay 14 

Coal 5 

Clay 6 

t3oal 11 

Shale,  carbonaoeous 1 

Clay,  black,  with  iron  band  at  bottom 5 

Clay 2 

Coal 1     1 

Clay 6 

45     1 

At  an  old  prospect  (now  almost  obliterated),  50  feet  east  of  the 
last  section,  another  measurement  of  bed  A  was  made,  as  given  below. 
The  two  sections  show  the  variability  of  the  bed  within  a  short  hori- 
zontal distance. 

Section  of  coal  bed  A  mea$ured  SO  feet  eaet  of  the  preceding  eection. 

Ft.  in. 

Coal 1  6 

Oay 2 

Coal 7 

Clay 6 

Coal 1 


3      8 

The  overlying  coal  beds  are  thinner  than  bed  A,  and  in  most  places 
are  less  than  15  inches  thick,  though  locally  they  may  be  24  inches 
thick.  Sections  Nos.  17  to  31  (fig.  11,  p.  373)  show  the  thickness  of 
these  beds  at  the  localities  indicated  on  the  map. 

From  the  above  description  it  will  be  seen  that  the  coal  beds  in  the 
Eagle  sandstone  in  this  field  are  thin  and  variable,  and  up  to  1912  no 
attempt  had  been  made  to  exploit  and  use  the  coal.  The  thinness  of 
the  beds  and  the  variability  in  the  quality  of  the  coal  militate  against 
development  at  the  present  time,  but  as  the  country  becomes  more 
thickly  settled  the  coal  may,  to  a  limited  extent,  serve  the  local  needs 
of  ranchmen  and  homesteaders. 

COAL  IN  THB  JTTDITH  BIVBB  FOBMATION. 

As  shown  by  surface  exposures,  the  Judith  River  coal  beds  are  thin 
and  of  no  economic  importance.  The  few  exposures  in  the  eastern 
part  of  the  field,  at  which  sections  Nos.  33,  34,  and  35,  given  below, 
were  measured,  show  that  the  beds  are  thicker  in  that  locality  than 
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they  are  farther  west.  It  is  possible  that  the  formation  contains 
some  workable  coal  in  Tps.  25  and  26  N.,  R.  16  E.,  immediatelj  east 
of  the  area  here  considered,  and  it  is  well  known  that  still  farther 
east,  on  and  near  Cow  Creek,  coal  beds  of  considerable  thickness  occur 
in  the  Judith  River. 

Coal  sections  Nos.  36,  37,  and  38  in  the  following  table,  measured 
on  Big  Sandy  Creek,  represent  practically  aU  that  is  known  of  the 
Judith  River  coal  in  the  western  part  of  ihe  field.  The  formation  is 
largely  covered  by  glacial  drift,  and  the  few  exposures  do  not  extend 
through  a  very  great  vertical  range;  consequently  it  is  possible  that 
coal  beds  which  are  not  exposed  at  the  surface  occur  in  the  formation. 
There  is  a  general  absence  of  coal  in  the  Judith  River  formation  at  all 
existing  outcrops,  however,  and  it  seems  probable  that  the  formation 
contains  no  important  coal  beds  in  this  area. 

Sections  of  coal  bedi  in  Judith  River  formation. 


No. 
cm  PI. 
XXL 


33 


84 


Location. 


NE.i,SE.iaeo.l,T. 
aSN.^B.lfiS. 


NE.  i  KE.  i  aeo.  36, 
T.aON.,R.16£. 


SeotioD. 


Ft.  in. 

Coal 6 

Parting, 

sandy.....  1 

Coal,  bony..  1  3 

Coal 1  8 

8  1 

Bone 1 

Coal 4 

Bone 1 

Coal 1 

Shale 3 

Coal,  bony  in 

lower  part.  1  3 

6  8 


No. 
on  PL 
XXI. 


36 
86 

37 

38 


Locaticii. 


SW.iNB.  1860.86, 
T.a5N.,B.16B. 

8W.  I  NE.  1860.12, 
T.37N.,B.13B. 


SW.  *  NW.  i  aeo.  7, 
T.37N.,B.14E. 


SW.  \  NW,  \  eeo.  8, 
T.  27  N.,  B.  14  E. 


FL  hL 
Coal 9 

Coal,  Impanl 
Bone 1 

2 

Coal 10 

Bone 1 

1   10 

Coal 6 


COAL  IN  THB  FOBT  UNION  FOBMATION. 

The  coal  in  the  Fort  Union  formation  is  of  better  quality  than  that 
occurring  in  the  other  formations.  The  Fort  Union  occupies  a  small 
area  in  the  northern  part  of  the  field;  its  presence  in  this  locality,  as 
stated  on  page  364,  is  believed  to  be  due  to  faulting;  by  which  the  beds 
have  been  brought  down  to  a  relatively  lower  level  stratigraphically 
than  that  which  they  normally  occupy.  For  the  sake  of  clearness  in 
discussion,  the  coal  bed  on  which  the  Mackton  mine  (locality  39)  is 
operated  will  be  called  the  Mackton  bed,  and  that  on  which  the  Mack 
mine  G^oality  43)  is  operated,  the  Mack  bed,  although  it  has  not 
been  conclusively  demonstrated,  as  will  be  seen  from  the  following 
discussion,  that  these  represent  different  beds. 

The  Mackton  bed  (section  No.  39,  fig.  11,  p.  373)  is  about  350  feet 
above  the  base  of  that  part  of  the  Fort  Union  formation  exposed  in 
the  Big  Sandy  field.    Iliis  bed  has  been  considered  by  the  Mackton 
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Coal  Co.  to  be  represented  farther  northeast  by  the  bed  on  which 
sections  Nos.  40  and  41  were  meastired,  because  the  sections  of  the 
beds  are  similar.  The  writer  considers  this  correlation  doubtful 
because  all  search  for  the  coal  bed  between  the  two  localities  has  been 
fruitless,  and  further  because  of  the  fact  that  the  bed  at  the  Mackton 
mine  (locality  39)  is  about  200  feet  above  a  massive  gray  sandstone, 
not  far  below  which  is  marine  shale,  whereas  at  locality  40  the  coal 
appears  to  be  below  a  similar  massive  sandstone  and  is  separated  from 
the  underlying  marine  shale  by  alternating  thin  beds  of  clay  and  sand. 
The  extent  of  the  Mackton  bed  itself  is  not  definitely  known.  From 
a  point  about  500  feet  north  of  the  mine  the  bed  can  be  almost  con- 
tinuously traced  nearly  to  the  south  side  of  sec.  18,  a  distance  of 
almost  one-half  mile.  Throughout  this  distance  it  has  a  thickness  of 
7  to  8  feet.  The  abrupt  ending  of  all  surface  indications  of  the  bed  at 
either  end  of  this  line  of  outcrop  suggests  the  presence  of  faults. 
There  is  more  or  Jess  evidence  of  this  at  the  southern  termination  of 
the  coal  outcrop,  but  the  evidence  is  not  so  apparent  at  the  northern 
termination.  The  failure  to  find  the  bed  beyond  these  supposed  fault 
lines  suggests  the  possibility  that  the  coal  occurs  in  a  small  fault  block 
that  has  been  dropped  vertically  downward  into  a  non  coal-bearing 
formation.  The  surface  covering  of  drift  makes  it  impossible  to  trace 
fault  lines  or  work  out  fault  relations  from  the  surface,  and  the  demon- 
stration of  the  presence  or  absence  of  faults  can  be  made  only  by  under- 
ground development.  One  small  fault  has  already  been  encountered 
in  the  mine,  and  it  seems  likely  from  the  evidence  at  hand  that  others 
may  be  found  and  that  the  Mackton  bed  may  prove  to  be  small  in 
extent  in  the  direction  of  strike.  In  the  underground  workings,  as 
far  as  they  have  been  extended,  the  structure  corresponds  exactly 
with  what  would  be  expected  from  a  study  of  the  surface  exposures, 
which  show  that  directly  south  of  the  mine,  near  the  southwest  comer 
of  sec.  18,  the  strike  of  the  formation  is  almost  at  right  angles  to  the 
strike  at  the  mine  entrance  and  the  south  entries  of  the  mine  show  that 
underground  a  similar  change  in  strike  takes  place  in  the  coal  bed. 
This  discordance  in  strike  is  one  of  the  strongest  evidences  of  faulting 
south  of  th^  present  workings. 

The  Mackton  bed  has  a  total  thickness  of  7  feet  8  inches  at  the 
Mackton  mine.  A  persistent  parting  of  bone  and  shale  15  to  24 
inches  thick  separated  the  bed  near  the  middle  into  two  benches;  and 
a  2-inch  parting  also  occurs  in  the  lower  part  of  the  upper  bench. 
This  necessitates  sortim;  the  coal  before  it  is  marketed  and  adds  to  the 
cost  of  mining.  ^ 

The  bed  worked  at  the  Mack  mine  (locality  43)  is  regarded  by 
Pepperberg  ^  as  occurring  about  35  feet  above  the  Mackton  bed.    If 

1  PfPpvlMrg,  L.  J.,  The  Milk  Riw  ooal  Itold,  Mont.:  U.  S.  Oeol.  Survey  BuU.  881,  p.  108, 1910. 
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this  is  SO,  tJtie  Mack  bed  should  be  fouad  above  the  Mackton  mine^ 
and  the  Mackton  bed  should  be  found  below  the  Mack  mine.  Hofir- 
ever,  no  locality  has  ever  been  found  in  which  both  beds  are  exposed 
unless  it  can  be  proved  that  the  bed  at  localities  40  and  41  is  tha  * 
Mackton  bed.  Both  beds,  moreover,  occur  a  short  distance  above  a 
massive  sandstone.  On  the  other  hand,  a  comparison  of  sectioni 
Nos.  39  and  43,  at  the  Mackton  and  Mack  mines  respectively,  shows 
that  there  is  no  resemblance  between  the  bed  worked  at  tiie  two 
localities.  The  evidence  tending  to  show  that  they  are  one  and  ths 
same  bed  consists  therefore  in  the  failure  to  find  the  two  at  the  same 
locality  and  in  the  fact  that  each  occurs  above  a  massive  sandstooa; 
opposed  to  this  is  the  dissimilarity  in  the  sections  of  the  two  bedk 
Tlie  structure  is  so  complicated  and  the  authentic  determination  of 
faults  so  difficult  in  this  area,  owing  to  discontinuous  exposures,  that 
the  writer  does  not  attempt  any  correlation  of  the  coal  beds  at  ths 
two  localities.  The  bed  represented  by  sections  Nos.  42  and  44  to  47 
is  generally  regarded  as  the  Mack  bed,  owing  to  the  resemblance  in 
thickness  and  quality.  A  short  distance  southeast  of  locality  47  ths 
bed  is  concealed  by  drift  and  can  not  be  traced  farther.  However, 
on  the  dimip  of  an  old  prospect  entry,  at  locality  47a,  there  is  peihi^ 
a  ton  or  more  of  slacked  coal,  which  seems  to  indicate  the  presence  of  a 
bed  similar  in  quality  to  that  at  locality  45.  The  entry  at  this  pro^ 
pect  is  now  completely  caved  in  and  the  outcrop  of  the  coal  bed  k 
covered  by  drift,  so  that  the  bed  could  not  be  examined.  Abont 
three-fourths  of  a  mile  southeast  of  this  old  prospect  two  sills  of 
igneous  rock  appear  nearly  at  the  horizon  of  the  coal  bed,  but  then 
is  no  evidence  of  coal  imtil  locality  48  is  reached,  where  a  thin  bedii 
exposed  just  below  the  lower  sill.  About  1  mile  farther  to  the  nortb- 
east,  at  locality  49,  there  is  another  exposure  of  coal  at  approximately 
the  same  horizon,  in  close  association  with  a  dike  or  sill,  but  the  bed 
can  not  be  traced  and  no  other  exposures  of  coal  can  be  found  in  tihiB 
part  of  the  field. 

The  Mack  bed  is  in  all  probability  continuous  and  thick  enough  for 
mining  under  the  drift-covered  bench  within  the  curve  formed  by  the 
coal  outcrop  between  localities  42  and  47.  The  eastward  extent  of 
the  bed  is  not  definitely  known,  but  if,  as  seems  probable,  it  is  repre- 
sented by  sections  48  and  49,  it  is  evident  that  locally  at  least  the 
bed  is  considerably  thinner  to  the  eastward  than  in  the  vicinity  d 
the  Mack  mine. 

PBOPEBTIES  OF  THE  COAL. 

The  coal  in  the  Eagle  and  Judith  River  formations  is  black  or 
brownish  black  in  color,  has  a  brown  streak,  and  no  pronounced 
woody  structure.  The  Fort  Union  coal,  as  observed  in  the  Mackton 
mine,  has  the  following  physical  properties:  Color  pitch-black,  streak 
browQ  to  black,  luster  vitreous,  structure  bedded,  jointing  or  cleavage 
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in  two  directions,  the  coal  breaking  into  subcubical  blocks  and  smaller 
fragments  when  reduced,  fracture  oonchoidal  to  nnerea,  texture 
dense,  coherence  brittle. 

Two  samples  for  analysis  were  taken  from  the  bed  at  the  Mackton 
mine.  Sample  14615  came  from  the  south  entiy  of  the  first  leyel, 
250  feet  from  the  mouth  of  the  entry  and  150  feet  bdow  the  mouth 
of  the  slope.  The  bed  at  that  point  is  represented  by  section  No. 
39  (fig.  11).  Its  total  thickness  is  7  feet  6  incheSi  but  the  sample, 
which  includes  only  the  coal,  represents  a  thickness  of  6  feet  1  incL 
Sample  14613  was  taken  from  the  north  entry  of  the  second  level, 
140  feet  north  of  the  mouth  of  the  entry  and  335  feet  down  the  slope. 
The  bed  at  the  place  of  sampling  has  i^e  following  section: 

Section  of  MddUon  coal  hed  at  locality  where  eampleehoum  tn  anaiy9i$  14623  wom  colUetti 

Ft.  Ib. 
Goal 2    5 

Bone 2 

Coal 6 

Bone  and  coal  (discarded  in  miniiig) 1    9 

Coal 2 


7    6 

No  mining  had  been  done  in  the  upper  level  for  several  montlu; 
hence  this  sample  does  not  represent  perfectly  fresh  coal.  The  other 
sample  was  taken  from  a  fresh  surface.  The  mine  is  dry  throughout,  so 
that  the  conditions  imder  which  the  two  samples  were  collected  were 
the  same  except  as  to  the  length  of  time  that  the  sampled  surface  had 
been  exposed  to  atmospheric  influences.  In  collecting  the  samples 
the  face  of  the  bed  was  first  freed  from  all  foreign  matter  and  the  bed 
was  then  trenched  across  from  top  to  bottom.  In  order  to  compare 
the  coal  of  the  Big  Sandy  field  with  other  coal  with  which  it  must 
compete  in  the  market,  analyses  of  representative  samples  of  coal 
from  the  Havre  district  of  the  Milk  River  field  and  from  Sand  Coulee 
of  the  Great  Falls  coal  field  are  also  given. 

These  analyses,  contained  in  the  table  below,  are  given  in  four 
forms  marked  A,  B,  C,  and  D.  Analysis  A  represents  the  sample  as 
it  comes  from  the  mine.  This  form  is  not  well  suited  for  comparison 
because  the  amoimt  of  moisture  in  coal  as  it  comes  from  the  mine  is 
largely  a  matter  of  accident  and  may  vary  widely.  Analysis  B  rep- 
resents the  sample  after  it  has  been  dried  at  a  temperature  of  30^  to 
35^  C.  irntU  its  weight  becomes  constant.  This  form  of  analysis  is  best 
adapted  for  general  comparison.  Analysis  C  represents  the  theoretical 
condition  of  the  coal  after  all  the  moisture  has  been  eliminated. 
Analysis  D  represents  its  condition  after  all  moisture  and  ash  have 
been  theoretically  removed.  This  form  is  supposed  to  represent  the 
true  coal  substance,  free  from  the  most  significant  impurities.    Forms 
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C  and  D  are  obtained  from  the  others  by  recalculation.    They  rep- 
resent theoretical  conditions  that  never  exist. 

In  making  these  analyses,  the  volatile  matter  in  samples  14613 
and  14615  from  the  Big  Sandy  field  was  determined  by  the  modified 
method,  whereas  in  all  the  other  samples  the  volatile  matter  was 
determined  by  the  official  method.  The  difference  between  these 
two  methods  lies  in  the  fact  that  in  determining  the  volatile  matter 
by  the  modified  method  the  sample  is  first  given  a  preliminary  heat- 
ing of  4  minutes  over  a  small  flame  and  a  final  heating  of  7  minutes 
over  a  flame  20  centimeters  high,  whereas  in  the  official  method  the 
preliminary  heating  is  omitted.  This  preliminary  heating  allows  the 
moisture  to  escape  slowly  and  thus  prevents  the  sputtering  which 
occurs  when  coal  that  is  high  in  moisture  is  placed  directly  over  a 
hot  flame.  The  mechanical  losses  due  to  such  sputtering,  though 
almost  negligible  in  bituminous  coal,  may  amoimt  to  as  much  as  25 
per  cent  in  some  lignite.  In  such  material  the  modified  method,  by 
reducing  the  mechanical  loss  caused  by  sputtering,  has  the  effect  of 
decreasing  the  percentage  of  volatile  matter  and  increasing  the  per- 
centage of  fixed  carbon.  It  is  now  customary  to  use  this  method  in 
determining  the  volatile  matter  in  lignite  and  subbituminous  coal 
and  all  other  coal  which  has  a  moisture  content  of  more  than  10  per 
cent. 

The  effects  of  the  two  different  methods  of  analyses  on  the  Mackton 
coal  of  the  Big  Sandy  field,  which  is  a  high-grade  subbituminous 
coal,  may  be  seen  by  comparing  analyses  14613  and  14615,  made  by 
the  modified  method,  with  analysis  6550,  made  by  the  official  method. 
Analysis  14615,  however,  represents  coal  that  may  have  been  slightly 
weathered.  It  is  consequently  less  valuable  for  purposes  of  com- 
parison than  analyses  14613  and  6550,  both  of  which  represent  per- 
fectly fresh  coal  taken  in  the  Mackton  mine.  The  differences  in 
results  between  these  two  analyses  are  perhaps  no  greater  than  would 
be  obtained  from  the  analysis  of  any  two  samples  taken  from  the 
same  bed  in  different  parts  of  the  same  mine  and  both  analyzed  by 
the  same  method.  Furthermore,  the  differences  which  do  occur  are 
the  opposite  of  what  would  be  expected  as  a  result  of  the  methods  of 
analysis  employed.  The  volatile  matter  is  1.6  per  cent  lower  and 
the  fixed  carbon  about  1.6  per  cent  higher  in  analysis  6550,  made  by 
the  official  method,  than  in  analysis  14613,  made  by  the  modified 
method.  It  is  therefore  evident  that  the  slight  differences  in  the 
results  are  to  be  accoimted  for  by  some  other  factor  than  the  methods 
of  analysis  employed. 
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As  the  results  obtained  by  the  modified  and  the  official  methods 
of  analysis  are  essentially  the  same  for  the  samples  representing  the 
coal  in  the  Big  Sandy  field,  we  may  compare  these  results  directly 
with  the  results  of  the  analyses  of  the  coals  in  the  Milk  River  and 
Great  Falls  fields.  The  analyses  of  the  air-dried  samples  show  that 
on  the  average  the  coal  of  the  Big  Sandy  field  is  about  2  per  cent 
lower  in  retained  moisture,  3  per  cent  hi^er  in  volatile  matter,  3  per 
cent  lower  in  fixed  carbon,  and  about  400  British  thermal  units 
higher  in  heating  value  than  the  coal  of  the  Havre  district  in  the 
Milk  River  field.  As  received  from  the  mine,  the  coal  from  the  Big 
Sandy  field  is  about  12  per  cent  lower  in  moisture  than  the  coal  from 
the  Havre  district.  The  essential  difference  between  the  Big  Sandy 
and  the  Havre  coal  seems  to  lie  in  the  excessive  moisture  of  the  latter. 
This  affects  the  coal  in  two  ways,  first  by  lowering  its  heating  value, 
and  second  by  causing  the  coal  to  slack  much  more  readily  when 
exposed  to  the  air. 

As  compared  with  the  coal  of  the  Great  Falls  field,  the  coal  from 
the  Big  Sandy  field  is  about  4.5  per  cent  higher  in  retained  moisture, 
10  per  cent  higher  in  volatile  matter,  11  per  cent  lower  in  fixed  carbon, 
3.5  per  cent  lower  in  ash,  and  869  British  thermal  units  lower  in 
heating  value.  As  received  from  the  mine  the  Big  Sandy  coal  is 
about  5  per  cent  higher  in  moisture  than  the  coal  from  the  Great 
Falls  field.  The  coal  from  the  Big  Sandy  field  is  therefore  of  lower 
grade  than  that  from  the  Great  Falls  field,  with  which  it  must  compete 
in  the  open  market. 

The  physical  and  chemical  properties  above  enimierated,  the  general 
absence  of  well-defined  cleavage  planes,  and  the  development  of  irregu- 
lar fractures  in  the  coal  when  exposed  to  the  atmosphere  show  that 
the  Fort  Union  coal  in  the  Big  Sandy  field  belongs  to  the  subbitu- 
minous  class,  but  because  the  coal  will  withstand  weathering  for  a 
considerable  length  of  time  before  crumbling  to  pieces,  and  because 
of  its  high  heat  value  (nearly  10,000  British  thermal  units),  it  is 
regarded  as  a  high-grade  subbituminous  coal.  The  high  quahty 
of  the  coal  is  perhaps  the  result  of  metamorphism  and  physical 
conditions  produced  by  the  thrusts  that  have  taken  place  in  this  area. 

DEVBLOPMENT. 

The  Mackton  mine  consists  of  a  slope  about  350  feet  long,  extendiug 
S.  70^  E.  and  inclined  in  accordance  with  the  dip  of  the  strata  at 
an  angle  of  40°.  At  130  feet  down  the  slope  there  is  an  upper  level 
consisting  of  a  north  entry  75  feet  long  and  a  south  entry  250  feet 
long.  About  335  feet  down  the  slope  there  is  a  lower  level  consisting 
of  a  north  entry  510  feet  long  and  a  south  entry,  having  a  somewhat 
devious  course,  360  feet  long.  During  the  winter  season  the  output 
is  reported  to  be  about  100  tons  a  day,  but  in  the  summer  season, 
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when  the  demand  is  light,  the  output  is  much  less  and  only  a  few 
men  are  employed.  The  mine  is  connected  with  the  Great  Northern 
Railway  by  a  narrow-gage  railway  owned  and  operated  by  the  min- 
ing company.  The  coal  is  sorted  and  sold  according  to  grade.*  The 
best  grade  sells  readily  at  the  towns  along  the  railroad  in  competitioii 
with  other  coal  and  is  preferred  to  most  of  the  coal  from  the  Ifilk 
River  field. 

The  Mack  mine  supplies  a  small  local  trade;  it  htifi  no  shipping 
connections. 

Years  ago  a  mine  was  operated  at  locality  46|  chiefly  to  supjdy 
the  Fort  Assiniboine  military  post;  this  mine  has  long  since  been 
abandoned. 

The  future  of  the  district  as  a  coal  producer  is  dependent  almost 
wholly  on  the  Fort  Union  coals.  Because  of  the  complicated  strac- 
ture,  the  lack  of  surface  exposures,  and  the  small  amount  of  under- 
groimd  development,  no  definite  statement  as  to  the  extent  of  the 
productive  area  can  be  made.  It  is  believed,  however,  from  the  evi- 
dence obtained,  that  the  productive  area  is  small  and  is  confined  to 
the  immediate  vicinity  of  the  Mackton  and  Mack  mines. 


THE  HORSESHOE  CREEK  DISTRICT  OF  THE  TETON  BASIN 
COAL  FIELD,  FREMONT  COUNTY,  IDAHO. 


By  E.  Q.  Woodruff. 


INTRODUCTION. 

From  time  to  time  during  the  last  six  or  eight  years  there  have 
been  persistent  rumors  that  a  large  field  of  high-grade  coal  lies  south- 
east of  St.  Anthony.  As  the  development  of  such  a  field  would  be 
of  great  advantage  to  a  large  tributary  region  containing  extensive 
mining  and  agricultural  developments,  and  as  samples  from  the 
field  seemed  to  corroborate  the  rumor  regarding  the  quality  of 
the  coal,  the  writer  in  1912  made  a  hasty  examination  of  the  field 
to  determine  its  prospective  value.  He  found  that  the  reports  con- 
cerning the  quality  of  the  coal  were  substantially  correct,  but  that  the 
beds  are  so  broken  by  faults  and  the  area  known  to  be  imderlain  by 
the  beds  is  so  small  that  the  field  will  probably  never  supply  more 
than  the  local  market  and  can  not  become  a  factor  in  the  develop- 
ment of  the  general  r^on  of  the  Snake  River  valley. 

The  location  and  extent  of  the  Teton  Basin  coal  field  and  the  posi- 
tion of  the  Horseshoe  Creek  district  are  shown  on  the  index  map 
(fig.  12).  The  area  here  described  lies  25  miles  southeast  of  St. 
Anthony,  10  miles  southwest  of  Haden,  a  village  on  the  Teton  branch 
of  the  Oregon  Short  Line  Railroad,  and  a  little  farther  west  of  Driggs, 
a  larger  town  on  the  same  railroad.  It  embraces  the  upper  part  of 
Horseshoe  Creek  drainage  basin  and  extends  northward  across  the 
south  fork  of  Packsaddle  Creek.  As  shown  on  Plate  XXII  (p.  388) 
the  district  covers  about  6  square  miles  in  four  townships  as  follows: 

T.  4  N.,  R.  43  E.,  1  square  mile. 
T.  5  N.,  R.  43  £.,  3  square  miles. 
T.  4  N.|  R.  44  £.,  1  square  mile. 
T.  5  N.,  R.  44  £.,  1  square  mile. 

Only  a  small  part  of  the  6  square  miles,  however,  contains  coal 
beds  which  the  miners  in  the  field  consider  thick  enough  to  work 
under  present  conditions. 

The  Horseshoe  Creek  district  has  sometimes  been  called  the  St. 
Anthony  coal  field,  because  some  of  the  coal  has  been  marketed  in 
that  town,  and  also  because  prior  to  the  construction  of  the  railroad 
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I  Teton  Basin  in  the  fall  of  1912  St.  Anthony  was  the  gateway  of 
itire  r^on.  For  two  reasons  this  designation  seems  inappro- 
) — ^first,  the  area  considered  is  only  a  small  part  of  a  laige  though 
nite  field,  and,  second,  the  name  applied  to  it  is  the  name  of  a 
25  miles  away.  In  this  report  the  area  is  considered  as  a  dis- 
3f  the  Teton  Basin  coal  field.  This  field  embraces  the  Vestem 
)f  the  Teton  Basin  and  the  western  slope  of  the  Big  Hole  Moim- 
(See  index  map,  fig.  12.)  No  coal  has  yet  been  foimd  in  the 
part  of  the  basin,  which,  however,  must  be  considered  as  a  pos- 
coal  field  because  rock  formations  that  are  coal  bearing  else- 
)  underhe  the  basin  and  probably  contain  coal.  It  is  befieved 
.oel  may  be  found  by  driUing  or  other  means  of  deep  prospecting, 
lorseshoe  Creek  district  is  the  only  part  of  the  field  in  which 
3  now  mined  for  market. 

SURFACE  FEATURES. 

3  surface  of  the  district  is  characterized  by  steep  slopes  which 
enched  by  narrow  steep-sided  valleys.  On  the  west  the  district 
inded  by  an  escarpment  which  rises  to  a  height  of  nearly  1,000 
nd  trends  north-south  near  the  line  of  a  great  fault,  shown  by  a 
n  line  on  Plate  XXII.  This  escarpment  is  so  steep  that  its 
t  is  difficult  except  at  a  few  places  where  the  rocks  have  broken 
more  completely  than  elsewhere  and  form  a  talus  slope.  From 
ot  of  the  escarpment  the  surface  slopes  northeastward  to  the  val- 
the  north  fork  of  Horseshoe  Creek,  in  the  main  part  of  the  district, 
the  floor  of  this  valley  there  is  an  almost  equally  steep  ascent 
)  top  of  a  sharp  crested  ridge,  shown  by  hachures  on  Plate  XXH. 
the  summit  of  the  ridge  the  surface  slopes  gently  northeast- 
to  the  valley  portion  of  the  Teton  Basin.  The  topographic 
res  are  in  part  shown  in  profile  by  the  cross  section  in  Plate  XXH. 
I  dominant  features  are  modified  in  a  minor  way  by  streams  that 
long  the  escarpment  and  flow  northward  in  narrow  steep-sided 
^,  some  of  which  are  as  much  as  100  feet  deep.  Packsaddle 
is  the  largest  stream  in  the  northern  part  of  the  district,  and  the 
ranches  of  the  south  fork  of  Horseshoe  Creek  are  the  largest  in 
}uthem  part.  The  southern  part  of  the  district  is  also  trav- 
by  the  main  branch  of  Horseshoe  Creek,  which  leaves  the  dis- 
through  a  narrow-bottomed,  rather  steep-sided  valley.  This 
'  affords  a  fairly  easy  grade  for  a  wagon  road  into  the  field. 
)  coal-bearing  part  of  the  field  is  well  watered,  containing  many 
springs  and  perennial  creeks.  The  surface  is  covered  with  a 
rately  thick  growth  of  trees,  mostly  aspen  and  pine,  which 
h  an  abundance  of  timber  that  is  excellently  suited  for  mine  use. 
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The  rocks  of  the  district  comprise  limestone,  shale,  and  quartzite  of 
Paleozoic  age;  sandstone,  shale,  and  coal  beds  of  Mesozoic  age;  and 
lava.  In  the  Paleozoic  rocks  the  limestone  is  mostly  hard  gray 
crystalline  and  locally  somewhat  fossiliferons;  the  quartzite  is  hard 
and  light  colored;  and  the  shale  is  mostly  soft  and  contains  only  a 
rather  small  quantity  of  sand.  In  the  Mesozoic  rocks  the  sandstone 
is  only  moderately  hard  and  is  either  gray  or  buff  colored;  the  shale  is 
soft,  generally  very  sandy,  and  locally  carbonaceous.  The  coal  beds 
are  described  later  in  this  report.  Lava  forms  the  surface  rock  oyer 
the  northern  and  northeastern  part  of  the  district. 

No  detailed  stratigraphic  section  was  measured,  because  neither 
the  top  nor  bottom  of  the  coal-bearing  strata  is  exposed.  The  bottom 
of  the  formation  lies  in  a  valley  where  the  older  rocks  are  concealed 
by  surface  debris,  brush,  and  timber,  and  the  top,  which  lies  along  the 
fault,  is  effectually  concealed  by  d6bris  which  falls  from  the  escarp- 
ment. However,  sufficient  stratigraphic  data  were  obtained  to  show 
that  the  Paleozoic  strata  occur  mostly  in  thick  beds,  whereas  some  of 
the  beds  of  the  Mesozoic  sandstone  are  thick  and  others  are  thin  and 
shaly. 

A  determination  of  the  age  of  the  rocks  is  based  on  two  collections 
of  fossils,  one  from  the  top  of  the  escarpment  in  the  west  half  of  sec. 
36,  T.  5  N.,  R.  43  E.,  and  the  other  from  the  Brown  Bear  mine. 
G.  H.  Girty  reports  that  the  first  collection  contains  zaphrentoid 
corals,  Spirifer,  and  Compositae,  probably  belonging  to  the  Madison 
limestone.  The  collection  from  the  Brown  Bear  mine,  according  to 
T.  W.  Stanton,  includes  Cardium,  Lucina,  and  Ciorbula,  which  suggest 
a  correlation  of  these  strata  with  the  Mesaverde  formation  of  the 
Rock  Springs  field  or  possibly  the  Adaville  formation  of  southwestern 
Wyoming.  These  identifications  show  that  the  rocks  of  the  escarp- 
ment are  Paleozoic  and  that  the  coal-bearing  rocks  in  the  center  of 
the  district  belong  to  the  Cretaceous  system  of  the  Mesozoic  era. 
Fossils  were  not  foimd  in  the  eastern  part  of  the  district,  but  the 
stratigraphic  position,  thickness,  and  lithology  of  at  least  two  of  the 
beds  exposed  in  the  high  ridge  in  the  eastern  part  of  the  field  are  the 
same  as  those  of  beds  in  the  escarpment;  hence  it  is  inferred  that  the 
strata  at  the  two  places  are  the  same  and  that  both  are  Paleozoic. 
The  beds  in  the  extreme  eastern  part  of  the  field  have  the  same 
lithologic  character  as  some  of  the  Mesozoic  beds  of  this  district. 

The  areal  distribution  of  the  Cretaceous  is  shown  approximately  on 
Plate  XXII,  but  as  the  area  was  examined  chiefly  to  determine  the 
coal  resoiu^ces,  the  non  coal-bearing  rocks,  which  include  both  Paleo- 
zoic sedimentary  beds  and  rather  recent  lava  flows,  were  mapped  as  a 
unit  and  are  represented  by  the  cross-lined  pattern  on  Plate  XXII. 
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As  shown  by  the  dip  and  strike  symbols  and  by  cross  section  on 
[ate  XXn,  the  rocks  in  the  main  part  of  the  district  dip  steeply  to 
le  southwest,  whereas  the  strata  on  the  east  side  are  only  slightly 
clined  and  those  on  the  west  are  horizontal.    In  the  soutiiem  part 

the  district  the  structure  is  complicated,  but  in  general  the  rocks 
p  steeply  to  the  north.  The  structure  of  the  sedimentary  rocks  in 
le  northern  part  of  the  district  is  concealed  beneath  recent  lava 
)ws.  The  most  probable  interpretation  of  the  very  diverse  struc- 
iral  phenomena  is  that  a  great  fault  lies  along  the  western  margin  of 
le  field  (see  PI.  XX 11),  with  the  downthrow  on  the  east  and  the 
)throw  on  the  west,  and  that  on  the  east  side  of  the  district  there  is 
similar,  perhaps  equally  prof oimd,  fault,  along  which  the  movement 
IS  been  in  the  same  direction.  Between  these  two  faults  lies  a  large 
ock  of  strata  that  is  tilted  downward  to  the  west.  (See  cross 
ction,  PI.  XXTT.)  The  existence  of  the  western  fault  can  be  proved 
r  immistakable  evidence.  The  amoimt  of  throw  along  the  fault  is 
eat;  according  to  one  method  of  estimation  it  is  as  much  as  10,000 
et.  Though  the  fault  in  the  eastern  part  of  the  field  is  concealed  by 
ibris,  its  existence  is  inferred  from  the  fact  that  the  dip  of  the 
cks  near  the  center  of  sec.  32,  T.  5  N.,  R.  44  E.,  is  much  greater 
lan  that  of  those  in  the  SE.  {  sec.  28  of  the  same  township.  This 
fference  in  structure  is  especially  noticeable  when  the  discordance 

dip  is  considered  in  connection  with  the  relative  ages  of  the  strata 
.  the  two  points.  In  sec.  32  the  rocks  are  of  Paleozoic  age  and  at 
Bst  2,000  feet  lower  stratigraphically  than  those  at  the  other  locality. 
y  reach  their  present  relative  positions  the  beds  must  have  been 
)ry  sharply  bent  upward  a  litUe  west  of  location  15,  then  dow^- 
ard  toward  the  west  after  considerable  altitude  was  reached,  or  else 
tey  were  faulted.  It  is  believed  that  the  space  is  too  small  to  per- 
it  the  necessary  folding,  and  therefore  it  is  thought  that  the  strata 
ive  been  faulted. 

If  there  are  two  great  faults  in  the  district,  as  stated  above,  the 
cks  between  them  constitute  a  fault  block  which  is  sharply  tilted  to 
lc  west,  as  previously  explained.  In  view  of  the  evidence  this  seems 
"obable,  and  the  cross  section  on  Plate  XXTT  is  drawn  on  that  basis. 
Besides  the  major  breaks  mentioned  above  there  are  many  minor 
ults,  which  have  been  found  wherever  the  strata  are  exposed  over 
ly  considerable  area.  The  abimdance  of  the  faults  at  some  places 
shown  by  the  plan  of  the  Brown  Bear  mine,  presented  at  the  bottom 

Plate  XXn.  The  horizontal  extent  of  the  minor  faults  ranges 
OWL  a  few  rods  to  as  much  as  half  a  mile  and  the  amount  of  throw 
om  a  few  inches  to  many  feet.  The  effect  of  time  •tnioUinl  moTe- 
ents  on  the  coal  beds  is  discussed  later. 
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As  shown  on  Plate  XXII,  the  coal  beds  outcrop  along  the  slope  at 
the  foot  of  the  escarpment  and  extend  downward  to  the  fault  in  the 
western  part  of  the  field.    As  the  beds  are  faulted  and  the  outcrops 
badly  covered;  it  is  impossible  to  trace  them  for  any  considerable  dis- 
tance, but  certain  key  rocks  were  found  which  assist  in  the  correlation 
of  the  beds.    A  probable  connection  of  the  beds  at  the  south  end  of 
the  field  with  those  exposed  in  the  center  and  north  end  is  shown  on 
the  map.    In  examining  this  map,  however,  it  should  be  borne  in 
mind  that  the  line  shows  only  approximately  the  position  of  the  out- 
crop.   The  exact  position  can  be  determined  only  by  a  system  of 
prospecting  which  will  explore  the  bed  below  the  surface.    The  ootl 
beds  occur  in  two  groups  about  1,100  feet  apart  stratigraphically,  the 
lower  group  being  represented  at  locations  5,  6,  7,  9, 10,  and  13  on  the 
map  and  the  upper  at  locations  8  and  possibly  1|  2,  3,  and  11.    It  is 
probable  that  the  so-called  upper  group  contains  only  one  bed  and 
that  the  apparent  occurrence  of  more  than  one  bed  is  due  to  faultingi 
which  has  duplicated  its  outcrop.    The  lower  group  consists  of  three 
beds  in  the  northern  part  of  the  field,  one  in  the  central,  and  two  in 
the  southern  part.    From  the  difference  in  the  nimiber  of  beds  in  the 
groups  at  different  localities  it  is  evident  that  the  beds  are  not  con- 
tinuous.   They  also  differ  in  thickness  and  character,  but  the  data 
obtained  do  not  show  conclusively  to  what  extent.    The  difference  is 
indicated,  in  part,  however,  by  a  comparison  of  the  two  sections 
measured  in  the  Brown  Bear  mine,  1,200  feet  apart,  one  having  a 
total  thickness  of  4  feet  5  inches  and  the  other  5  feet  3  inches.    Heee 
sections  are  presented  on  page  387  of  this  report. 

The  coal  is  black  and  hard,  but,  as  would  be  expected  in  a  region 
where  so  much  faulting  has  taken  place,  it  is  badly  broken.  In  mining 
a  large  percentage  of  it  comes  out  fine,  and  even  the  larger  pieces  are 
so  shattered  that  they  do  not  stand  handling  well.  The  coal  is  bitu- 
minous and  rather  free  from  impurities,  but  noncoking,  according  to 
the  agate-mortar  test.  The  chemical  properties  of  the  coal  are  pre- 
sented in  the  foUowing  table  of  analyses,  which  also  shows  analyses  of 
samples  from  other  fields  for  comparison. 

The  sampling  was  done  according  to  the  r^ulations  of  the 
Bureau  of  Mines,*  which  in  brief  requires  that  the  face  to  be  sampled 
must  be  cleared  of  weathered  coal,  powder  stains,  and  the  Uke,  and 
then  a  channel  cut  across  the  bed  to  obtain  the  sample,  at  the  same 
time  large  partings  and  limips  of  impurities  being  rejected.  Die 
sample  is  collected  on  a  sampling  cloth,  broken  up  to  pass  through  a 
half-inch  mesh  sieve,  mixed  thoroughly,  quartered,  mixed  again,  and 

>  For  a  detailed  discussion  of  the  method  of  coal  sampling,  see  Holmes,  J.  A.,  The  Mmpllng  of  ootl  In  ttt 
mluB:  Bur.  Mines  Technical  Paper  1, 1011. 
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finally  the  sample  is  placed  in  a  sealed  caa,  to  be  forwarded  to  the 
chemical  laboratory. 

Jno^M*  o/eoal  tampUifnm  tKt  Sonuho*  Crtds  diitriet,  TUon  Batin  coalfidd. 
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Sample  No.  15115,  from  the  Brown  Bear  mine,  was  taken  from  the 
end  of  the  north  entry,  960  feet  from  the  portal,  where  mining  had 
been  done  recently  and  where  the  coal  was  unweathered.  The 
sample  is  believed  to  represent  the  coal  in  ita  normal  condition. 
For  section  of  coal  bed  where  sampled  see  page  387. 

Sample  No.  15116,  from  the  abandoned  Horseshoe  mine,  was 
moderately  weathered.  It  was  taken  at  a  point  about  200  feet  from 
the  portal,  from  a  face  which  had  been  exposed  for  more  than  a  year. 
The  surface  was  cleaned  until  apparently  fresh  coal  was  obtained, 
but  it  seems  probable  that  some  change,  which  did  not  alter  the 
physical  appearance  of  the  cool,  must  have  token  place,  because  the 
mine  is  in  ft  dry  climate  and  had  remained  open  to  the  unrestricted 
circulation  of  the  air  for  a  long  time.  It  seems  most  probable  that 
this  exposure  to  the  air  had  resulted  in  partial  oxidation  which 
detavased  the  heat  value  below  that  of  unaltered  coal.  Nevertheless 
the  sample  gave  a  higher  calorific  value  than  the  unweathered  coal 
from  the  Brown  Bear  mine.  This  is  probably  to  be  explained  in 
part  by  the  smaller  amount  of  ash  in  the  Horseshoe  sample.  For 
section  of  bed  where  sampled  see  page  887»  __L— —^ 

SeiC— Bull.  6*1—14 28  .-Mi^MM^M*^ 
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DSVSIiOPMBNT. 

There  are  two  producing  mines  in  the  field,  the  Brown  Bear  mine 
(location  9)  and  the  Boise  (location  8)  .^  Mining  and  prospecting  have 
been  done  at  other  places  but  at  present  no  development  work  is  in 
progress.  At  the  northern  end  of  the  field,  along  Packsaddle  Creek, 
there  are  several  abandoned  openings,  and  in  the  southern  part  there 
are  two  abandoned  mines. 

Location  1. — ^At  location  1  there  is  a  caved  drift.  The  bed  is 
reported  to  be  9  feet  thick  and  to  terminate  at  a  fault.  It  is  probable 
that  the  report  of  the  thickness  is  exaggerated  or  that  it  is  abnormal, 
the  coal  being  squeezed  into  a  pocket.  A  bed  exposed  at  one  place 
near  the  portal  of  the  drift  is  14  inches  thick,  but  this  may  not  be 
the  bed  reported  to  have  been  encountered  farther  back. 

Location  2. — ^At  location  2  there  is  a  dump  composed  in  part  of 
coal.  The  opening  from  which  the  coal  came  is  caved,  hence  no 
data  as  to  the  character  of  the  bed  were  obtained. 

Location  S. — ^At  location  3  there  is  a  prospect  pit  6  feet  deep  in 
which  a  coal  bed  is  exposed.  The  coal  occurs  in  two  benches  sepa- 
rated by  10  inches  of  shale,  the  upper  bench  being  19  inches  thick 
and  the  lower  11  inches.  The  character  of  the  bed  is  shown  by  sec- 
tion 3  on  Plate  XXII. 

Location  4- — ^^  location  4  there  is  an  abandoned  entry  in  which 
40  inches  of  badly  crushed  coal  is  exposed.  At  this  place  the  bed 
appears  to  have  been  distorted,  hence  the  normal  thickness  could  not 
be  determined. 

Locations  S,  6,  and  7. — ^At  locations  5,  6,  and  7  there  are  prospect 
pits  in  which  sections  of  the  coal  beds  exposed  are  as  follows:  At 
location  5,  40  inches  of  coal;  at  location  6,  13  inches  of  coal;  at  loca- 
tion 7,  in  two  benches  of  coal,  8  inches  thick,  separated  by  a  3-inch 
parting  of  very  impure  coal.  Graphic  sections  of  these  beds  are 
shown  in  Plate  XXII. 

ITie  Boise  mine  (location  8). — ^The  Boise  mine  consists  of  a  rock 
timnel  150  feet  long,  crosscutting  the  strata,  and  an  entry  200  feet 
long  extending  along  the  bed  from  the  point  where  the  tunnel  enteis 
the  coal.  The  bed  (see  section  8,  PI.  XXII)  is  38  inches  thick  and 
lies  between  beds  of  shale.  It  is  cut  Iby  several  small  faults  which 
displace  the  beds  from  6  inches  to  2  feet.  At  the  time  of  examination 
no  coal  was  being  produced,  though  preparations  had  been  made  to 
mine  a  few  tons  daily. 

Brown  Bear  mine  (location  9). — The  Brown  Bear  mine  consists  of 
a  horizontal  rock  tunnel  325  feet  long  from  the  surface  to  the  coal 
bed  and  two  horizontal  entries,  one  to  the  north  and  the  other  to  the 
south,  following  the  bed.     The  plan  of  this  mine  is  presented  in  Plate 

1  I^ocation  numbers  refer  to  oorrespondixig  numbers  on  PL  XXH. 
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XXn.  Slopes  are  worked  above  the  entries  and  the  coal  is  taken 
down  through  chutes  into  the  mine  cars.  The  Brown  Bear^  which 
is  the  chief  producing  mine  in  the  field,  has  an  output  of  a  few  tons  a 
day  during  busy  seasons  in  the  fall  and  spring.  Sections  of  the  bed 
at  opposite  ends  of  the  mine  are  as  follows: 

Sections  ^eoal  bed  in  Brown  Bear  mine. 


Horth  «Bd  of  BiM. 

Shale.                                            Ft.  in. 

Coal» 3  11 

Shale 3 

Coal* 1  1 

Shale.  

5  3 


8<mtli  «Bd  of  BiM. 
Shale:  Ft.  in. 

Coal 2    10 

CoiJ,  crushed 1      7 

Shale.  '  


Location  10. — At  location  10  a  bed  of  coal  represented  by  section 
10,  Plate  XXn,  is  exposed  in  a  surface  opening.  This  is  believed 
to  be  the  bed  worked  at  the  Brown  Bear  mine  and  is  without  doubt 
the  one  worked  at  the  Horseshoe  mine. 

Locdtions  11  and  IS. — ^At  location  11  there  is  an  abandoned  entry  50 
feet  long  and  at  location  12  a  surface  opening  on  the  same  bed.  A 
section  on  this  bed  is  as  follows: 

Section  of  coal  bed  at  location  11. 

Sandfltone.                                                                                      Ft.  in. 

Shale,  carbonaceous 2 

Coal 2  2 

Shale.  

2      4 

Location  IS. — The  Horseshoe  (abandoned)  mine  (location  13,  PL 
XXn)  consisted  of  a  single  entry  500  feet  long  extending  north  from 
the  side  of  a  steep  hill  where  the  bed  was  exposed.  Though  badly 
caved,  the  mine  can  be  entered  for  a  distance  of  200  feet.  At  that  point 
the  following  section,  shown  graphically  in  Plate  XXII,  is  exposed : 

Section  of  coal  bed  exposed  in  the  Horseshoe  mine. 
Shale.  Ft.    in. 

Coal« 1  11 

Sandstone 10 

Coal,  crushed* 3  4 

Coal,  bony 1  9 

Coal,  crushed* 3  3 

Shale.  

11      1 

Location  14- — ^At  location  14  there  is  a  small  prospect  in  some  slump 
material  which  contains  fragments  of  coal. 

Location  16. — The  extent  of  the  coal  encountered  in  the  two  pros- 
pects at  location  15  was  not  determined,  because  the  openings  are 

1  ▲  nmple  of  these  bencOiM  was  anslyssd  with  the  results  shown  In  the  tftble  on  p.  385. 
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now  caved  and  the  coal  is  concealed.  The  size  of  the  dumps  indi- 
cates that  considerable  work  has  been  done  and  some  coal  taken  out 
It  is  reported  that  the  bed  is  thin,  and  the  fact  that  this  work  was 
abandoned  for  locations  farther  from  market  and  where  the  strati- 
graphic  conditions  were  less  favorable  indicates  that  the  prospect 
was  not  promising.  This  prospect  lies  in  a  valley  with  lava-covered 
hills  to  the  north  and  d6bris-strewn  hills  to  the  south.  About  one- 
half  mile  east  of  the  prospects  lava  caps  the  hills  to  the  south  also 
and  forms  the  mountain  slope  on  both  sides  of  the  creek.  The  ex- 
posed area  of  coal-bearing  rocks  is  therefore  small  and  confined  to  the 
valley  of  Horseshoe  Creek. 

CONCIiUSIONS. 

The  Horseshoe  district  contains  beds  of  excellent  coal  thick  enouj^ 
to  be  mined  profitably  if  they  were  horizontal,  but  the  steep  dip  of 
the  beds  and  the  numerous  faults  render  mining  expensive,  difiScuIt, 
and  imcertain.  The  beds  are  irregular  in  thickness  and  extent.  One 
of  them  most  probably  extends  throughout  the  district,  but  othen 
are  certainly  less  extensive.  Timber  and  water  are  abundant,  espe- 
cially water,  the  supply  of  which  far  exceeds  the  requirements  for 
mining.  The  district  is  situated  in  a  region  where  there  is  coDside^ 
able  local  demand  for  coal  for  domestic  fuel  that  now  is  supplied  from 
mines  at  a  distance.  From  the  data  obtained  the  writer  concludes 
that  this  district  can  profitably  supply  a  domestic  trade  for  a  long 
time,  but  that  it  can  not  be  reckoned  as  a  factor  in  the  great  coal 
trade  of  the  Rocky  Mountain  region. 
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THE  GLACIER  COAL  FIELD,  WHATCOM  COUNTY, 
WASHINGTON. 


By  E.  G.  WooDauFP. 


INTKODUCTION. 

The  Glacier  coal  field  of  Whatcom  County  is  not  a  producing  field 
but  has  attracted  considerable  attention  because  it  contains  anthra^ 
cite  in  at  least  one  place  and  thin  beds  of  bituminous  coal  in  several 
other  places.     The  Information  upon  which  this  report  is  based  was 


FiaoBi  13.— U^p  sbowlng  l<jaaUgii  of  tha  Otaetn'  oool  flald,  Wtutoom  Coout;, 


obtained  by  the  writer  in  the  fall  of  1912,  but  the  data  for  the  map 
(PI.  XXIII,  p.  398)  were  supplied  chiefly  by  Prof.  Henry  Landes, 
director  of  the  State  Geological  Survey  of  Washington,  who  also 
advised  the  writer  concerning  ihe  geology  of  the  area  and  the  field 
methods  best  adapted  to  the  work. 

The  Glacier  coal  field  lies  in  the  north-central  part  of  Whatcom 
County,  Wash.,  in  the  vicinity  of  the  village  of  Glacier,  which  is  the 
terminus  of  the  Belliiigham  Bay  &  British  Columbia  Bailroad.  [See 
fig.  13.)    The  coal-bearing  rocks  are  reported  to  extend  westward 
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from  Glacier  toward  Bellingham  Bay,  but  it  was  not  practicable  to 
extend  the  present  survey  in  that  direction  as  far  as  the  boundary 
of  the  field;  consequently  the  report  was  not  verified.  The  area 
considered  here  embrtoes  about  25  square  miles  in  the  western  part 
of  T.  39  N.,  R.  7  E.,  Willamette  base  and  meridian,  and  sec.  24  d 
the  township  to  the  west  and  sec.  31  of  the  township  to  the  north. 

SURFACE  FHATTJRES. 

The  Glacier  coal  field  Ues  on  the  west  face  of  the  Cascade  Range, 
where  the  slope  rises  at  the  rate  of  nearly  1,000  feet  to  the  mile. 
The  lowest  point  in  the  field  is  on  North  Fork  of  Nooksak  River 
near  the  northwest  comer  of  the  field,  at  an  altitude  of  about  900 
feet,  and  the  highest  point  is  on  the  southern  border  at  an  altitude  of 
about  5,000  feet.  In  the  part  of  the  field  described  in  this  paper 
the  difference  in  altitude  is  about  4,000  feet.  The  only  level  ground 
is  the  narrow,  bowldernstrewn  valleys  of  Nooksak  River  and  Glacier 
Creek;  elsewhere  the  slopes  are  steep  and  cliffs  are  not  uncommoiL 
The  mountain  sides  are  so  steep  and  uneven  that  they  can  be  tray- 
ersed  only  on  foot  or  with  pack  animals  along  a  few  traib. 

The  area  is  drained  by  North  Fork  of  Nooksak  River,  wbich 
crosses  the  northern  edge,  and  by  Glacier  Creek,  which  enters  near 
the  southeast  comer,  follows  the  east  aide  for  a  distance  of  4  mikB, 
then  turns  northwest  to  its  junction  with  the  main  stream  near  the 
village  of  Glacier.  Normally  these  streams  are  perennial  and  contain 
a  moderate  quantity  of  swiftly  flowing,  clear,  cold  water,  but  at 
times  of  freshet  they  become  torrents.  Numerous  brooks  rise  hig^ 
on  the  mountain  slopes  and  flow  in  steep-sided  valleys  and  over 
cascades  at  short  intervals. 

Except  where  the  timber  has  been  cut  the  mountain  slopes  are 
covered  by  a  thick  growth  of  splendid  trees,  some  of  which  are  as 
much  as  5  feet  in  diameter  and  250  feet  high.  These  trees  are  so 
large  and  have  grown  so  closely  together  that  the  traveler  can  seldom 
see  more  than  a  few  himdred  feet.  The  ground  is  covered  by  vege- 
table matter  composed  of  fallen  twigs,  cones,  and  needles  from  die 
trees,  and  fragments  of  imderbrush. 

GEOLOGY. 

GSNEBAL  CONDITIONS  IN  THE  ABBA. 

The  dense  forests  which  cover  most  of  the  field,  together  with  the 
thick  layer  of  vegetable  mold,  render  geologic  examination  difficult 
The  problem  is  additionally  complicated  by  the  prevalence  of  land- 
slides, which  constitute  a  large  part  of  the  surface  d6bris.  These 
slides  are  not,  as  is  sometimes  popularly  supposed,  masses  of  rocks 
which  have  been  loosened  from  the  mountain  side  and  precipitated 
into  the  valley  below,  but  they  ore  large  masses  of  rock  which  have 
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moved  slowly  and  are  now  at  rest  or  are  very  slowly  moving  down 
the  mountain  side.  In  some  of  these  slides  the  rocks  have  been 
broken  up  and  the  fragments  intermingled,  whereas  in  others  the 
mass  has  moved  as  a  unit  and  in  many  places  it  is  impossible  to  tell 
whether  the  rocks  in  an  outcrop  are  in  place  or  not. 

A  satisfactory  study  of  the  geology  of  the  field  is  impossible  on 
account  of  the  dense  forests,  thick  vegetable  mold,  and  rock  d6bris 
concealing  the  beds,  except  on  the  steep  slopes  and  along  the  stream 
channels;  hence  conclusions  must  rest  mainly  on  inference. 

STBATIGBAPEY. 

During  the  examination  here  described  no  new  stratigraphic 
information  was  obtained.  Smith  and  CaUdns,  in  1901,  made  a 
reconnaissance  across  the  Cascade  Range  and  published  the  earliest 
report  ^  on  this  general  region.  A  good  collection  of  Eocene  fossils 
had  been  obtained  at  Keese,  about  8  miles  down  the  river  from 
Glacier,  and  they  therefore  referred  the  strata  in  that  locality  to  the 
Eocene.  They  state  that  the  strata  on  the  river  a  few  miles  above 
Glacier  do  not  resemble  the  Eocene  rocks  Uthologically,  but  are  very 
similar  to  the  Cretaceous  strata  to  the  west,  and  on  these  grounds 
they  doubtfully  referred  them  to  the  Mesozoic.  They  collected  no 
fossils  in  the  immediate  vicinity  of  Glacier,  but  have  stated  to  the 
writer  that  the  coal-bearing  strata  closely  resemble  the  Eocene  beds 
farther  down  the  river.  Landes,*  however,  states  that  Upper  and 
Lower  Cretaceous  fossils  were  found  on  the  Mount  Baker  trail  at  a 
point  about  4  miles  southeast  of  Glacier.  This  place  is  about  a  mile 
east  of  the  coal  field  and  directly  on  the  strike,  so  that  unless  a  fault 
intervenes  the  coal-bearing  strata  would  seem  to  be  Cretaceous.  If 
they  are  Cretaceous,  however,  the  Glacier  field  is  the  only  one  known 
in  Washington  in  which  the  coal  is  older  than  Eocene,  and  furtheiv 
more  it  is  reported  that  the  coal-bearing  rocks  extend  from  Glacier 
southwestward,  probably  at  least  as  far  as  the  area  in  which  the 
rocks  are  definitely  known  to  be  Eocene.  Finally,  despite  the 
presence  of  Cretaceous  fossils  a  short  distance  from  the  coal  field,  the 
lithologic  resemblance  between  the  actual  coal-bearing  strata  and 
the  beds  known  to  be  Eocene  must  also  be  considered.  Owing  to 
the  complexity  of  the  geologic  structure  in  this  area  and  to  the 
probability  of  faulting,  it  is  impossible  definitely  to  assign  the  coal- 
bearing  rocks  either  to  the  Eocene  or  to  the  Cretaceous,  although  the 
evidence  seems  to  indicate  that  they  are  Eocene. 

The  coal-bearing  rocks  are  sandstone  and  shale,  which  rest  on 
crystalline  igneous  rocks  or  schists.    The  sandstone  is  by  far  the 

1  Smith,  O.  O.,  and  Calkins,  F.  C,  A  geological  reconnaissance  across  the  Cascade  Range  near  the  forty- 
ninth  paraUei:  U.  B.  Geol.  Survey  BuU.  235, 1904. 
•  Landfls,  Henry,  Notes  on  the  Glaciar  ooal  field:  Paoiflo  Min.  Joor.,  vol.  2,  No.  4,  p.  61, 1013. 
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most  abundant.    A  few  measurements  made  by  the  writer  in  the 
coal-bearing  portion  of  the  formations  showed  about  90  per  cent  d 
the  strata  to  be  composed  of  sandstone  and  10  per  cent  of  shale. 
These  measurements,  however,  were  not  extensive  and  possibly  did 
not  encompass  representative  sections  of  the  strata.     Prof.  Landes 
has  done  considerable  work  in  the  r^on  and  estimates  the  shale  to 
comprise  about  60  per  cent  and  the  sandstone  40  per  cent  of  the 
different  formations.     The  sandstone  occurs  in  massive  beds,  which 
are  separated  from  one  another  by  thinner  beds  of  shale  containing 
coal  at  some  places.     This  relation  of  thick  beds  of  sandstone  and 
thinner  beds  of  shale  has  had  an  important  bearing  on  the  ^letamo^ 
phism  of  the  coal  and  the  deformation  of  the  bed  as  explained  on  a 
later  page.     The  shale  is  generally  very  sandy,  but  some  of  it  his 
evidently  been  derived  from  fine  silt  intermingled  with  vegetable 
d6bris  and  is  therefore  very  carbonaceous  and  consequently  brown  or 
black.    At  some  places  the  black  shale  has  been  mistaken  for  coal 
or  "coal  blossom"  or  "leads"  and  the  bed  prospected.    In  fact, 
many  of  the  prospects  in  the  field  have  followed  these  so-called  coal 
leads,  but  have  found  no  coal. 

STBTJCTUBE. 

The  field  Ues  on  the  north  fiank  of  the  mountain  ridge  which  ex- 
tends westward  from  Mount  Baker.     The  general  dip  of  the  beds  is 
northwest  in  the  eastern  part  of  the  field  but  is  slightly  east  of 
north  in  the  western  part.     The  dip  is  steep,  being  about  45°,  except 
on  the  extreme  west  edge  of  the  field,  and  locally  is  as  much  as  68^ 
Measurements  at  different  places  are  shown  in  Plate  XXTTT.    No 
faults  or  local  folds  were  worked  out,  but  undoubtedly  some  exist, 
though  probably  none  are  very  extensive.     The  coal-bearing  strata 
are  so  concealed  that  it  is  impossible  to  determine  the  detaik  of 
structure,  but  the  discordance  in  the  dip  and  strike  in  sees.  18,  19, 
and  20  points  to  the  conclusion  that  the  beds  are  probably  faulted  at 
several  places.     Unquestionably,  however,  great  movements  of  the 
strata  have  taken  place  in  the  region,  and  there  has  been  profound 
folding  and  f aultiog.     These  disturbances  were  not  produced  by  a 
sudden  heaving,  twisting,  and  breaking  of  the  strata,  but  by  move- 
ments continued  through  a  considerable  time,  during  which  the  coal 
beds  were  squeezed  and  distorted  and  the  coal  transformed  from  low 

to  high  grade. 

THE  COAIi, 

GENERAL  CHABACTEB  OF  THE  BEDS. 

The  field  contains  a  large  number  of  thin  beds  of  coal  that  is  mostly 
dirty,  though  locally  free  from  impurities.  During  the  movements 
of  the  strata  discussed  above  the  coal  beds  have  been  pinched  out  at 
some  places  and  forced  into  abnormal  shapes  at  others,  and  the  coal 
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has  been  fractured  or  crushed.  In  fact,  at  some  places  the  beds 
seem  to  have  been  subjected  to  a  kind  of  kneading  action,  as  indi- 
cated by  the  directions  of  the  slickensiding.  This  variety  in  direction 
of  movement  is  shown  at  Discovery  tunnel,  where  on  a  few  square 
feet  of  exposed  surface  the  slickensides  are  horizontal  in  some  layers, 
inclined  70^  from  the  horizontal  in  other  layers,  and  30^  in  the  oppo- 
site direction  in  others.  Within  a  space  of  a  few  square  yards  almost 
every  direction  is  indicated  by  the  striae  in  the  coal  or  shale.  The 
effects  of  the  compression  seem  to  have  been  concentrated  or  accen- 
tuated in  the  more  plastic  shale  and  coal  because  they  are  soft  and 
yielding  and  comprise  a  minor  part  of  the  strata.  As  a  result  of  the 
preponderance  of  sandstone,  as  determined  by  the  writer,  the  shale 
and  coal  beds  have  been  forced  to  conform  to  new  spaces  between 
the  more  resistant  beds  because  the  shale  and  coal  are  softer  than 
the  inclosing  rocks,  and  consequently  the  coal  has  been  squeezed  into 
pockets,  some  of  which  have  considerable  thickness  but  small  extent, 
whereas  at  other  places  the  beds  are  pinched  and  broken. 

OKARACTEB,  OF  THE  COAL. 

The  coal  of  this  field  ranges  in  quaUty  from  subbituminous  to 
anthracite.  At  a  few  places  there  are  thin  seams  of  subbituminous 
coal  and  at  others  beds  of  bituminous  coal  and  anthracite,  but  both 
the  low  and  high  grades  are  not  found  in  the  same  strata.  Only  the 
bituminous  and  anthracite  are  abundant  enough  to  be  considered. 
Complete  chemical  analyses  have  not  been  made  because  unweathered 
material  could  not  be  obtained,  but  from  physical  appearance  the  coal 
at  the  Discovery  and  No.  2  tunnels  is  a  good  grade  of  anthracite. 
Elsewhere  in  the  field,  however,  it  is  bituminous,  generally  impure, 
and  almost  everywhere  badly  crushed  and  slickensided.  Selected 
specimens  are  reported  to  compare  favorably  with  the  best  grade  of 
Pennsylvania  anthracite,  but  it  is  the  opinion  of  the  writer  that  a 
representative  sample  of  any  bed  will  fall  considerably  below  that 
standard  in  calorific  value,  because  the  amoxmt  of  impurities  is 
greater  than  in  Pennsylvania  anthracite.  Three  partial  analyses 
with  a  field  chemical  testing  outfit  showed  the  ash  to  be  35  per  cent 
in  one  sample,  54  per  ce^t  in  another,  and  74  per  cent  in  another. 
The  strata  are  saturated  with  water,  which  has  prevented  atmos- 
pheric weathering  from  extending  to  any  considerable  depth. 

As  the  coal  differs  from  place  to  place,  further  details  of  its  charac- 
ter are  presented  under  the  description  of  the  prospects. 

PBOSPECTS. 

Considerable  prospecting  and  some  fairly  deep  exploration  work 
have  been  done  in  the  field,  but  as  previously  explained  the  surface 
in  many  places  is  composed  of  slide  material  which  covers  and  con- 
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ceals  the  rocks  in  place.  This  disturbed  condition  of  the  soifaoe 
causes  prospecting  to  be  uncertain.  Some  of  the  tunnels  have  been 
started  in  regularly  bedded  rocks,  which  were  erroneously  thou^t  to 
be  in  place,  and  have  terminated  in  zones  of  broken  rock  at  the  bot- 
tom of  the  slide  or  entered  entirely  different  strata,  over  which  the 
prospected  beds  are  found  to  have  slid.  Some  of  these  xinbrokfiD 
masses  include  coal  beds  which  seem  to  the  superficial  observer  to  be 
in  place,  but  prospecting  shows  that  the  bed  tenninates  a  short  dis- 
tance below  the  surface.  This  condition  has  led  to  the  unsuccessfal 
ending  of  several  prospect  tunnels.  In  considering  this  field  it 
should  be  borne  in  mind  that  drill  holes  or  even  prospect  tunneb  cm 
not  determine  the  coal  resources,  because  the  beds  are  so  irregular 
that  a  test  at  one  place  does  not  indicate  the  conditions  that  may  be 
found  a  short  distance  away. 

As  a  result  of  the  steep  dip  of  the  strata  prospects  have  been  opened 
to  follow  the  b.eds,  which  are  highly  inclined  from  the  horizontal,  as 
in  most  metalliferous  veins.  Entries  have  been  driven  along  the 
beds  and  stopes  opened  or  crosscuts  dug  at  prbmising  points. 

The  following  detailed  description  of  prospects  b^ins  with  those 
in  the  northeast  comer  of  the  field  and  proceeds  southward  by  lien 
of  sections,  each  tier  being  considered  from  east  to  west.  The  loca- 
tion of  each  prospect  is  shown  by  the  correspondii^  number  cm 
Plate  XXni  (p.  398). 

Hurst  prospect. — ^The  Hurst  prospect  Gocation  1),  in  the  south- 
eastern part  of  sec.  31,  T.  40  N.,  R.  7  E.,  is  about  a  mile  from  Glacier. 
It  consists  of  a  prospect  rock  tunnel  200  feet  long  and  a  slope  75  feet 
deep,  which  starts  in  a  coal  bed  about  midway  of  the  tunnel.  It  is 
possible  that  the  tunnel  penetrates  only  an  xmbroken  rock  slide  and 
terminates  in  country  rock  at  the  back.  At  any  rate,  the  tunnel 
ends  in  non  coal-bearing  rock.  A  possible  explanation  for  this  cona- 
tion is  that  the  coal-bearing  strata  are  cut  off  by  a  fault.  The  coal 
bed  lies  between  two  thick-bedded  sandstones  dipping  35^  N.  It  is 
extremely  irregular,  occurring  in  small  lenses,  the  largest  being  6 
inches  in  greatest  thickness  and  10  feet  in  length.  The  bed  followed 
by  the  slope  consists  mainly  of  shale,  but  contains  some  coal.  The 
coal  is  bituminous.  At  the  time  of  examination  no  work  was  m 
progress,  and  apparently  the  prospect  had  been  abandoned. 

HirUon  prospect. — The  Hinton  prospect  Gocation  2),  in  the  NW.  } 
sec.  6,  T.  39  N.,  R.  7  E.,  comprises  a  tunnel  250  feet  long,  entirely  in 
thick-bedded  sandstone,  except  through  about  8  feet  of  its  length, 
which  is  in  soft  sUckensided  shale.  This  shale  contains  a  lens  of 
bituminous  coal  4  inches  thick  and  less  than  10  feet  long.  The  bed 
dips  45^  N.,  and  strikes  N.  75^  E.  At  the  time  of  examination  this 
tunnel  was  abandoned. 
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Location  S. — ^At  location  3  there  is  a  tunnel  which  penetrates  sur- 
face debris  to  a  depth  of  125  feet  and  terminates  in  a  distorted  bed 
of  sUckensided  shale  and  bituminous  coal  5  feet  2  inches  thick.  The 
bed  is  so  much  distorted  that  its  normal  condition  can  not  be  fairly 
inferred.  A  most  liberal  interpretation  of  the  indications  of  coal, 
howeveri  points  to  the  conclusion  that  the  bed  is  valueless. 

Armstrong  prospect. — ^The  Armstrong  prospect  (location  4)  con- 
sists of  a  tunnel  penetrating  loose  d6bris  to  a  depth  of  75  feet  and  ter- 
minating in  a  bed  of  carbonaceous  shale  2  feet  thick.  No  coal  was 
found. 

BrooJcs  prospect. — ^At  the  Brooks  prospect  Gocation  5)  there  is  an 
entry  125  feet  long  on  a  coal  bed  between  beds  of  sandstone  which  dip 
45^  S.    The  following  section  is  exposed  at  the  end  of  the  entry: 

Section  of  beds  exposed  at  the  end  of  Brooke  entry. 

Top,  sandBtone.  Ft.    in. 

Shale,  carbonaceous,  badly  cnmhed 4    5 

Goal,  badly  cniflhed 1    8 

Sandstone,  thick  bedded.  

6    1 

The  coal  appears  to  be  of  good  quality,  but  contains  impurities 
disseminated  through  it.  A  determination  with  the  field-testing 
outfit  showed  54  per  cent  of  ash.  If  the  coal  in  this  bed  were  good 
and  the  bed  easily  accessible,  or  if  the  bed  were  moderately  impure 
and  the  impurities  associated  with  the  coal  in  such  a  way  that  they 
could  be  washed  out,  the  bed  might  be  mined,  but  as  such  condition^ 
do  not  exist,  and  as  the  coal  is  in  pockets,  it  is  believed  that  sys- 
tematic and  economic  mining  can  not  be  carried  on. 

Powers  prospect. — ^The  Powers  prospect  location  6)  consists  of  an 
entry  115  long  in  strata  that  dip  65*^  N.  The  prospect  presents  an 
excellent  sample  of  the  pockety  character  of  beds  and  the  crushed 
condition  of  the  coal  in  this  field.  At  one  place  in  the  entry  the  bed 
reaches  a  maximimi  thickness  of  23  inches,  but  2  feet  from  that  point 
it  IS  17  inches  thick,  and  5  feet  away  only  13  inches.  Thus,  in  a  dis- 
tance of  7  feet,  the  bed  has  decreased  from  23  inches  to  13  inches. 
The  coal  is  very  much  crushed  and  slickensided,  and  contains  35  per 
cent  of  ash,  some  of  which  is  not  intimately  mixed  with  the  coal. 
Probably  the  coal  could  be  improved  to  a  marketable  grade  by  wash- 
ing if  the  bed  were  thick  enough  and  continuous  enough  to  bo  mined. 

Location  7. — ^At  location  7  there  is  a  tunnel  250  feet  long,  in  which 
an  18-inch  bed  of  shale,  containing  some  crushed  coal,  is  exposed. 

Location  8. — ^At  location  8,  on  the  opposite  side  of  the  creek  and  a 
little  to  the  south  from  location  7,  a  timnel  125  feet  long  exposes  a 
bed  of  crushed  coal  20  feet  long  with  a  maximum  thickness  of  6 
inches.    The  coal  lies  between  thick  beds  of  sandstone. 
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Location  9. — ^A  test  hole  was  sunk  with  a  diamond  drill  at  localMHi 
9  to  a  depth  of  500  feet.  It  is  reported  that  no  coal  was  found.  He 
drill,  which  was  vertical,  formed  an  angle  of  25^  with  ibB  bedding 
planes  and  thus  went  diagonally  instead  of  directly  throu^  the 
strata.  Consequently  the  hole,  although  drilled  to  a  depth  of  500 
feet,  tested  only  a  little  more  than  200  feet  of  strata. 

Loccttion  10. — ^At  location  10,  near  the  middle  of  tiie  north  line  of 
the  NW.  i  sec.  20,  a  tunnel  runs  S.  20^  W.  for  a  little  more  than  150 
feet  and  then  southeast  100  feet.  In  this  tunnel  are  exposed  two 
lenses  of  black  carbonaceous  shales  and  one  bed  of  carbonaceous 
shale  in  which  there  is  a  seam  of  crushed  lignite  2  inches  thick. 

Looalion  11. — ^At  location  11  a  tunnel  50  feet  long  has  been  drirai 
chiefly  in  sandstone.  A  few  feet  from  the  portal  a  4-inch  seam  of 
highly  carbonaceous  shale  has  been  altered  locally  to  an  impure 
graphite.  About  100  feet  southwest  from  the  portal  of  the  tunnel 
in  the  bottom  of  the  valley,  a  small  prospect  in  lower  strata  contains 
a  very  irr^ular  pocket  of  crushed  bituminous  coal  less  than  3  feet  in 
greatest  thickness.  Elsewhere  along  the  outcrop  of  this  bed  the 
maximum  thickness  was  found  to  be  3  inches,  but  the  coal  bed 
appeared  to  have  been  squeezed  below  its  normal  thickness. 

Location  IS.— The  following  section  of  strata  is  exposed  at  loca- 
tion 12: 

Section  of  strata  exposed  in  the  SE.  J  see.  19. 

Top,  eandstone,  gray,  maasiye;  containB  impressionfl  of  plants.        Ft.  in. 

Sliale,  carbonaceous,  slickensided 1  2 

Sandstone,  black,  shaly;  contains  impressionB  of  plants;  greatest 

thickness 1  8 


2    10 


Location  IS. — ^An  entry  has  been  dug  to  a  depth  of  45  feet  at  loca- 
tion 13.  In  this  prospect  a  bed  of  crushed  carbonaceous  shale  coDr 
tains  seams  of  coal.  The  thickness  of  the  shale  bed  is  very  irr^ular. 
It  is  thin  near  the  portal^  increases  to  36  inches  at  a  depth  of  30  feet, 
decreases  to  14  inches  9  feet  from  that  place^  and  is  absent  at  the  ^d 
of  the  entry.  The  thickest  seam  of  coal  in  the  bed  has  a  maximum 
thickness  of  4  inches,  but  even  that  appears  to  be  in  a  pocket.  The 
coal  is  bituminous. 

Location  H. — ^At  location  14,  in  sec.  19,  a  tunnel  40  feet  long  cutfl 
the  edge  of  a  lenticular  pocket  of  coal.  A  cross  section  of  the  timnel 
is  a  broad  oval  in  outline,  about  6  feet  high  and  4  feet  broad.  The 
coal  bed  cuts  diagonally  across  the  face  of  the  tunnel.  Near  the 
floor  the  coal  seam  is  less  than  1  iach  thick,  but  it  increases  to  8 
inches  at  the  top  of  the  tunnel.  In  a  distance  of  a  little  more  than 
6  feet  the  bed  changes  from  6  inches  in  thickness  to  1  inch.  The 
coal,  which  lies  between  beds  of  massive  sandstone  that  are  much 
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more  resistant  than  the  coal^  is  badly  slickenaided  and  appears  to 
have  been  squeezed  into  its  present  form.  A  partial  analysis  of  the 
coal  showed  it  to  contain  74  per  cent  of  ash. 

HinUm's  prospect. — ^The  Hinton  prospect  (location  15)  consists 
of  two  entries^  one  50  feet  above  the  other,  on  a  bed  of  coal  lying  be- 
tween thick  beds  of  sandstone  which  dip  56®.  The  lower  entry  is  15 
feet  long  and  contains  a  stringer  of  slickensided  coal  which  ranges 
from  a  feather  edge  to  6  inches  thick.  The  upper  prospect  is  50  feet 
long  and  contains  crushed  shale  but  no  coal. 

BeUingham  Bay  dh  British  Columbia  mine. — ^The  Bellingham  Bay 
&  British  Columbia  mine  (location  16),  is  reported  to  have  been  ex- 
tended more  than  1,000  feet  along  the  strike  of  a  coal  bed  before  it 
was  abandoned,  but  only  the  first  150  feet  was  examined  by  the 
writer.    At  the  portal  the  following  section  is  exposed: 

Section  of  strata  exposed  at  the  portal  of  the  BeUingham  Bay  de  British  Columbia  hmnel. 

Sandstone.                                                                                          Ft.  in. 

Shale,  shattered 2 

Goal,  slickenfiided,  bituminous 1  5 

Shale,  crushed 3  6 

Coal,  slickensided,  bituminous 6 

Shale,  crushed.  

7      5 

At  two  other  places  carefully  examined,  namely,  50  feet  and  150 
feet  from  the  portal,  no  coal  was  found.  On  the  mountain  side,  about 
100  feet  above  the  portal,  the  bed  is  thinner;  200  feet  above  the  portal 
its  thickness  is  still  more  diminished;  and  a  Uttle  higher  up  it  has  dis- 
appeared. Evidently  the  bed  consists  of  a  small  lens  or  pocket.  This 
coal  is  fairly  good.    A  partial  analysis  gave  5.3  per  cent  ash. 

Tunnel  No.  2. — Tunnel  No.  2  Gocation  17)  is  reported  to  be  700 
feet  long.  The  writer  examined  the  first  325  feet,  which  is  believed 
to  fairly  represent  the  whole  entry.  In  that  distance  the  beds  are 
crushed,  slickensided,  distorted,  and  locally  metamorphosed.  The 
thickness  of  the  bed  differs  so  that  measurements  do  not  represent 
conditions  100  feet  away.  At  a  point  325  feet  from  the  portal  the 
coal  appears  to  lie  in  a  pocket  3  feet  thick,  containing  bright  anthrsr- 
dte  in  the  upper  part  and  finely  crushed  bituminous  coal  in  the  lower 
part.  Because  the  strata  are  badly  disturbed  no  good  dip  measure- 
ment could  be  obtained,  but  a  fairly  reliable  reading  gave  69^.  At 
the  time  of  the  examination  the  entry  was  deserted  and  workmen  were 
starting  a  new  one  a  short  distance  to  the  west  but  had  not  passed 
through  the  thick  surface  d6bris. 

Discovery  tunnel. — Discovery  tunnel  Gocation  18),  reported  to  be 
between  750  and  780  feet  long,  is  the  most  promising  prospect  in  the 
field.    At  the  time  of  examination  the  tunnel  was  closed  and  was 
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filled  with  inflammable  gas.     It  is  said  that  the  followiiig  section  ii 
exposed  at  the  end  of  the  tunnel: 

Section  of  coal  bed  reported  to  be  expoted  in  Ditcovery  tunnel. 

Slate.  Ft  in. 

Coal 2    2J 

Bone 1    1 

Coal 6    9 

Slate.  

10     J 

Along  the  outcrop,  about  100  feet  from  the  tunnel,  the  bed  is  thin- 
ner than  in  the  tunnel,  but  in  the  short  distance  that  it  is  exposed  il 
seems  to  increase  abruptly  downward,  indicating  that  the  tunnel 
enters  a  pocket.    The  coal,  which  is  anthracite,  is  badly  crushed  and 
slickensided  and  in  general  breaks  into  small,  irr^ular  lumps.    It  is 
estimated  that  more  than  50  per  cent  of  the  coal  is  crushed  into 
pieces  less  than  1  inch  by  3  inches.    Some  pieces  are  6  or  8  inches  in 
diameter  and  a  few  are  as  much  as  1  foot.    It  is  believed  that  tim 
tunnel  enters  an  exceptionally  thick  lens  of  coal,  but  it  is  inferred  that 
the  lens  is  not  extensive,  because  100  feet  above  the  timnel  it  is  thin- 
ner than  it  is  reported  to  be  in  the  tunnel  and  it  seems  to  decrease  in 
thickness  upward.    This  conclusion  is  strengthened  by  the  fact  that 
there  is  only  a  little  coal  in  the  Smith  tunnel  a  mile  west  at  the  same 
stratigraphic  horizon. 

Smith  tunnel. — ^The  Smith  tunnel  Gocation  19)  is  about  300  feet 
long  in  rocks  which  are  so  badly  disturbed  that  a  fair  estimate  of  the 
amount  of  coal  can  not  be  made.  The  coal  is  found  in  a  distorted 
bed  of  shale  which  ranges  from  4  feet  to  a  feather  edge  within  a  hori- 
zontal distance  of  100  feet  and  in  general  is  less  than  6  inches  thick. 

CONCLUSIONS. 

The  field  has  been  prospected  extensively  but  contains  no  mine  except 
Discovery  No.  2  and  the  Bellingham  Bay  &  British  Columbia  mine, 
abandoned  some  years  ago.  The  beds  have  been  tested  by  prospects 
at  various  stratigraphic  horizons,  especially  in  the  lower  part  of  the 
sedimentary  rocks,  which  seem  to  contain  the  most  coal.  These  pros- 
pects have  shown  that  the  coal  occurs  in  pockets  that  differ  greatly 
in  size.  The  largest  pocket  found  is  at  Discovery  tunnel  No.  1,  but  it 
is  probable  that  even  larger  ones  may  be  found.  The  coal  is  mostly 
anthracite  or  high-grade  bituminous,  but  some  of  it  is  lower  grade. 
Generally  the  percentage  of  ash  in  the  coal  is  very  high,  especially 
when  the  whole  of  the  bed  is  considered.  From  the  data  obtahied  the 
writer  concludes  that  the  field  contains  coal  in  pockets,  some  of  which 
are  large  enough  to  furnish  a  small  supply  of  fuel,  but  as  yet  the  pros- 
pecting has  not  developed  coal  enough  to  warrant  the  expectation  that 
the  field  will  produce  coal  in  commercial  quantities. 
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THE  EDEN  RIDGE  COAL  FIELD,  COOS  COUNTY,  OREGON. 


By  C.  E.  Lesheb. 


INTRODUCTION. 

It  has  long  been  known  that  Eden  Ridge,  Oreg.,  is  underlain  by 
coal,  and  a  large  amount  of  prospecting  has  been  done  on  the  ridge 
and  more  recently  in  the  Squaw  Basin,  immediately  to  the  south. 
The  beds  first  discovered  are  so  bony  that  their  ultimate  workability 
has  been  questioned  and  considerable  litigation  has  resulted  because 
of  their  doubtful  value.  Furthermore,  owing  to  the  fact  that  the 
Eden  Ridge  coal  occurs  in  the  same  formation  as  that  of  the  neigh- 
boring and  better-known  Coos  Bay  field,  which  is  subbituminous  in 
grade,  the  United  States  Geological  Survey  and  others  have  incor- 
rectly assumed  that  the  Eden  Ridge  coal  is  also  subbituminous  and 
that,  being  thus  of  low  grade  and  also  bony  in  character,  it  is  prob- 
ably of  little  value.  In  1912  M.  R.  Campbell,  of  the  Geological  Sur- 
vey, made  a  brief  examination  of  the  coal  and  his  work  showed  that, 
contrary  to  the  previous  assumption,  it  is  bituminous  in  grade.  In 
view,  however,  of  the  recent  extension  of  prospecting  and  the  dis- 
covery of  less  bony  coal  beds  in  the  Squaw  Basin  district,  the  writer 
made  the  examination  here  described.  This  work  was  detailed  in 
character  and  was  tmdertaken  for  the  purpose  of  ascertaining  the 
extent  and  character  of  the  field  and  of  classifying  the  land  as  coal  or 
noncoal.  The  field  work  has  not  been  completed,  but  the  results 
obtained  are  published  in  this  preliminary  report  partly  in  order  to 
aid  in  the  prospecting  now  in  progress  and  partly  because  of  the 
interest  attaching  to  this  field  as  the  only  area,  so  far  as  known,  of 
bituminous  coal  of  commercial  importance  in  Oregon. 

The  field  lies  wholly  within  the  Siskiyou  National  Forest.  It  is 
35  miles  west  of  the  station  of  West  Fork  (Dothan  post  ofiGice),  on  the 
Southern  Pacific  Railroad,  and  35  miles  south  of  the  terminus  of  the 
Coos  Bay,  Roseburg  &  Eastern  Railroad  at  Myrtle  Poiat.  The  field 
is  not  easily  accessible  at  the  present  time,  travel  from  these  railroad 
points  being  confined  to  saddle  horses  and  pack  traios.  Figure  14 
shows  the  geographic  position  and  known  extent  of  the  field. 

The  Eden  Ridge  field  is  comparatively  free  from  complicated  stnic- 
tiu-e,  and  the  field  work  consisted  principally  in  determining  the  areal 
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distribution  and  stratigrapliic  position  of  the  various  coal  bed& 
Because  of  the  dense  underbni&b  and  heavy  timber  locations  could 
be  made  only  by  compass  traverse,  either  paced  or  meaaured  vitt 
tape,  and  tied  to  established  land  comers.  Altitudes  were  deto- 
mined  with  the  aneroid  barometer.  In  the  unsurveyed  portion  d 
the  field  comers  established  by  private  surveys  were  used  for  hori- 
zontal control.  Every  prospect  was  visited  and  the  section  of  tlie 
coal  bed  measured;  26  prospects  were  sampled.  Twenty-six  floit 
and  sink  teste  and  80  ash  determinations  were  made  in  the  field  witli 


a  portable  analytical  outfit.     Five  samples  were  taken  for  check 
analysis  by  the  Bureau  of  Mines. 

The  field  exmnination  on  which  this  report  is  based  occupied  six 
weeks  during  tixe  summer  of  1613.  Assistance  in  the  field  was 
rendered  by  H.  J.  Anderson  throughout  the  examination  and  b; 
Harry  Hillis  for  a  week  at  the  end  of  the  season.  The  writer  wishes 
to  acknowledge  his  indebtedness  to  W.  B.  Meyers,  Timothy  BillingB, 
Lee  Emerson,  and  others  for  aid  and  many  courtesies  during  the  fidd 
work,  and  to  M.  B.  Campbell  and  G.  H.  Ashley,  of  the  United  Statce 
Geological  Survey,  for  advice  and  counsel  in  preparing  the  data. 
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SURFACE  FEATURES. 

The  Eden  Ridge  field  is  characterized  by  a  very  tmeyen  surface. 
Eden  Ridge,  Squaw  Basin,  and  the  area  between  Ash  Swamp  and  the 
Bluff  constitute  three  distinct  topographic  units,  all  drained  by 
South  Fork  of  Coquille  River.     (See  PL  XXIV,  p.  404.) 

Eden  Ridge  has  a  general  northeast-southwest  direction.  Its 
highest  point,  about  3,500  feet  above  sea  level,  is  1,300  feet  above 
the  river  at  the  mouth  of  Bear  Creek  on  the  east  and  2,900  feet  above 
the  river  at  the  mouth  of  Delta  Creek  on  the  west.  The  slopes  of  the 
ridge  are  very  steep  and  are  incised  by  the  sharp  canyons  of  the 
smaller  streams.  At  the  southern  end  of  the  ridge  a  vertical  sand- 
stone cliff  100  feet  high  and  half  a  mile  long  is  known  as  the  ''Big 
Slide,"  as  it  is  the  result  of  comparatively  recent  slumping.  Another 
prominent  escarpment,  known  as  the  ''Bluff, '  is  150  to  200  feet  high 
and  extends  from  Forty  Foot  Falls  on  South  Fork  of  Coquille  River 
eastward  to  the  Rogue  River  divide.  Between  Ash  Swamp  and  the 
"Bluff"  the  surface  has  a  more  or  less  imiform  slope  from  the  same 
divide  to  Coquille  River.  (See  PI.  XXIV.)  Squaw  Basin  comprises 
the  area  south  of  the  "Bluff"  and  east  of  Squaw  Creek,  extending 
from  Coquille  River  to  the  Rogue  River  divide.  Here  the  topography 
is  rougher  and  dissection  is  well  advanced;  the  smaller  streams  have 
cut  sharp  canyons  50  feet  to  100  feet  deep. 

The  possibility  of  developing  water  power  imder  high  head  on 
South  Fork  has  long  been  recognized.  The  water  might  be  taken 
from  the  south  side  of  the  ridge  near  the  Billings  homestead  either  by 
timnel  through  the  ridge  or  by  flimie  or  high  pressure  pipe  aroxmd  it 
to  the  mouth  of  Delta  Creek  on  the  north  side.  It  is  estimated  that 
with  the  excellent  storage  facilities  offered  by  Ash  Swamp,  in  which 
the  river  might  be  impounded  and  the  flow  of  water  thus  equalized, 
not  less  than  7,000  continuous  horsepower  could  be  generated. 

The  area  is  heavily  forested  and  contains  much  merchantable 
timber.  The  common  varieties,  named  in  the  order  of  their  value, 
are  Port  Orford  white  cedar,  Douglas  fir,  and  hemlock.  The  quan- 
tity of  timber  is  said  to  range  from  50,000  to  200,000  board  feet  to 
the  acre.  Madrona,  salal,  vine  maple,  tanbark  oak,  ferns,  chin- 
quapin, and  buck  brush  are  common  and  abundant  forms  of  imder- 
growth.  The  climate  is  that  typical  of  the  west  slope  of  the  coast 
ranges,  a  rainy  season  lasts  from  October  to  Jime  and  a  comparatively 
dry  season  from  July  to  September.  The  total  precipitation  in  1912 
is  reported  to  have  been  112  inches,  but  this  is  probably  much  higher 
than  the  yearly  average. 

366**— Bun.  641—14 26 
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OEOLOOT. 


ARAGO  FORMATION. 

The  rocks  that  outcrop  in  the  Eden  Ridge  field  are  con^omen^ 
coarse  yellowish  sandstone,  dark-colored  shale,  in  part  carbonaceoo^ 
and  coal.  They  were  studied  by  J.  S.  Diller  in  connection  with  the 
geologic  mapping  of  the  Port  Qrford  quadrangle/  which  indudes  Ik 
west  half  of  Eden  Ridge.  According  to  Diller  liiese  rocks,  to  whkb 
he  has  applied  the  name  Arago  formation,  are  characterized  bj 
Eocene  marine  fossils.  The  coal-bearing  rocks  of  the  Coos  Bay  field 
belong  to  the  same  formation,  but  in  that  field  the  coal  is  of  lowv 
grade.  The  Arago  Ues  unconformably  on  the  Myrtle  formatioo, 
of  Lower  Cretaceous  age,  which  contains  no  coal. 

Exposures  in  the  Eden  Ridge  field  are  insufficient  to  afford  a  com- 
plete detailed  stratigraphic  section  of  the  Arago  formation.  Tb 
strata  above  a  blue  conglomerate,  which  is  a  conspicuous  holism 
marker,  are  fairly  well  exposed  on  the  slopes  of  the  ridge,  but  lebh 
tiyely  Uttle  is  known  of  the  character  of  the  rocks  which  underlie  it  or 
of  the  positions  of  the  coal  beds.  The  following  is  a  generalized  sec- 
tion of  the  rocks  above  the  blue  conglomerate: 

Generalized  section  of  rocks  above  the  blue  conglomerate  exposed  xn  the  Eden  Ridge  eodfiiL 

Feet 

Sandstone  and  shale 400 

Sandstone 50 

Shale 5 

Coal  bed,  Lockhart 4-6 

Shale 2 

Sandstone,  gray 8 

Shale,  in  part  carbonaceous 10 

Sandstone,  yellow 22 

Shale 10 

Coal  bed,  Carter 5-13 

Shale 15 

Sandstone  and  shale 240 

Shale,  some  sandstone 50 

Sandstone,  massive 100 

Shale 10 

Coal  bed,  Anderson 6 

Shale 25+ 

Coal  bed,  Meyers 9 

Shale 10 

Sandstone  and  shale 150 

Sandstone,  massive,  conglomeratic  near  middle 100 

Shale,  green 10 

Conglomerate,  blue 40 

1,287-h 

1  DOler,  J.  8.,  U.  S.  Geol.  Survey  Oeol.  Atlas,  Port  Qrford  foUo  (No.  89),  1908. 


BDBN  BIDGE  GOAL  FIELD,  OBEO.  408 

The  above  section  is  compiled  from  measurements  made  at  several 
places  in  the  field,  and  inasmuch  as  the  strata  overlying  the  conglom- 
erate are  known  to  differ  in  thickness  and  character  the  section  can 
not  be  considered  as  representing  correctly  all  the  strata  at  any  one 
locality. 

The  blue  conglomerate  is  the  only  characteristic  horizon  marker  in 
the  field.  It  is  about  40  feet  thick  and  is  composed  of  small  pebbles 
of  altered  volcanic  rock,  chiefly  andesitic  in  character,  and  fragments 
of  fine-grained  quartzites  and  slates  ranging  in  size  from  one-eight 
of  an  inch  to  2  inches  in  diameter.  Outcrops  of  the  conglomerate 
above  water  level  along  the  river  in  the  N.  i  sec.  33  are  light  gray, 
although  some  fragments  are  red  and  others  are  Ught  green.  Wher- 
ever it  is  thoroughly  wet,  as  in  stream. beds,  it  has  a  characteristic 
bluish  color,  and  for  this  reason  it  is  here  referred  to  as  the  blue 
conglomerate.  

STBXJOTUBB. 

The  strata  in  this  field  dip  toward  a  point  near  its  center,  thus 
forming  an  ellipitcal  basin.  The  longer  axis  of  the  basin  has  a  general 
north-south  direction  and  the  shorter  axis  is  at  right  angles  and  has 
a  slight  pitch  to  the  east.  On  the  west  side  of  the  field  the  dip  is  10^- 
17^  E.  and  on  the  east  side  there  is  a  similar  dip  to  the  west.  The 
north-south  axis  of  the  basin  passes  through  the  center  of  sees.  20,  29^ 
and  32,  T.  32  S.,  and  to  the  east  of  Squaw  Camp  in  T.  33  S.  On  the 
north  side  of  the  field  a  southerly  dip  of  5®-15®  prevails.  Along 
Squaw  Creek  in  T.  33  S.  the  rocks  dip  12'*-15*'  NE.,  and  in  the  east 
half  of  the  Squaw  Basin  district  the  dip  is  to  the  northwest  at  slightiy 
greater  angles. 

Four  faults  were  mapped.  The  Ash  Swamp  fault  in  sees.  22  and  23 
has  a  vertical  displacement  of  800  feet.  South  of  the  fault  the  blue 
conglomerate  is  800  feet  above  the  river  on  the  slope  of  Eden  Ridge, 
and  north  of  the  fault  it  is  at  river  level.  The  Bear  Creek  fault  crosses 
sees.  31,  32,  33,  and  34.  At  the  mouth  of  Bear  Creek  in  the  north 
half  of  sec.  33  the  displacement  is  300  to  400  feet,  with  downthrow 
on  the  south  side;  in  the  west  half  of  sec.  31  the  displacement  is  150 
feet,  with  downthrow  on  the  north  side.  The  fault  in  sec.  28  has  a 
vertical  displacement  of  200  feet,  with  downthrow  on  the  south  side. 
The  fault  south  of  sec.  32,  at  littie  Falls,  is  of  small  but  undetermined 
extent.    A  small  fault  in  the  NE.  I  sec.  29  was  not  mapped. 

As  shown  on  the  map  (PL  XXIV,  p.  404)  the  outcrop  of  the  blue 
conglomerate  has  been  greatiy  displaced  by  these  faults.  South  of 
the  Bear  Creek  fault  the  outcrop  of  the  conglomerate  crosses  Boulder 
and  Bear  creeks,  forms  the  face  of  the  ''Bluff,"  crosses  the  river  at 
the  Forty  Foot  Falls,  and  swings  around  the  south  end  of  Eden  Ridge. 
Between  the  Bear  Creek  fault  and  the  fault  in  sec.  28  the  conglomerate 
is  exposed  on  both  sides  of  the  river  near  water  level,  and  north  of 
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the  fault  in  sec.  28  and  on  the  north  side  of  Eden  Ridge  it  outcrops 
on  the  aide  of  the  ridge.  In  the  SW.  i  sec.  23  it  is  brought  to  river 
level  by  the  Ash  Swamp  f aidt;  but  northward  it  rises  and  forms  a  rim 
rock  possibly  surrounding  Ash  Swamp. 

THE  COAIi. 
QENEBAL  CHABACTBB. 

The  coal  in  the  Eden  Ridge  field  is  bituminous  in  grade,  and  some 
of  it  is  belieyed  to  possess  coking  qualities.  It  does  not  slack  on 
exposure  to  the  air,  and  when  fairly  pure  has  a  heating  value  of  oyer 
11,000  British  thermal  units. 

Three  beds,  the  Lockhart,  Carter,  and  Anderson,  are  known  to 
underlie  Eden  Ridge,  and  the  Anderson  bed  is  also  found  in  a  portioD 
of  the  area  south  of  the  river.  (See  map,  PI.  XXIV.)  The  Meyos 
bed  has  been  foimd  only  south  of  the  ridge,  although  it  may  be 
coextensive  with  the  Anderson  bed.  In  the  Squaw  Basin  district 
three  coal  beds  outcrop  but  were  not  mapped.  They  are  beHered 
to  be  stratigraphically  lower  than  the  beds  on  Eden  Ridge,  but  tbis 
fact  has  not  been  definitely  established.  If  lower  than  the  Anderson 
bed  they  underlie  all  of  Eden  Ridge,  Ash  Swamp,  and  probably  & 
large  part  of  the  area  between  Ash  Swamp  and  the  Bluff. 

As  shown  by  the  graphic  sections  on  Plate  XXV  *  (p.  408),  all  these 
beds  are  badly  broken  by  shale  and  bone  partings.  Moreover,  in 
nearly  all  the  sections  measured  in  the  field  the  bed  contains  nimierous 
lenses  of  dirty  coal  or  bone,  so  that  it  is  impossible  to  state  acciu'ately 
the  thickness  and  value  of  the  bed  in  general  terms.  In  the  following 
descriptions  of  the  occurrence  and  distribution  of  these  beds  frequent 
reference  will  therefore  be  made  to  the  graphic  sections,  the  char- 
acter and  purity  of  the  coal  being  more  extendedly  discussed  afterward. 

The  Lockhart  bed  is  mainly  carbonaceous  shale  and  bone  with 
layers  of  coal  of  a  maximum  thickness  of  3  inches.  A  sample  from 
location  1  of  all  this  bed  except  the  clay  partings  was  analyzed  in 
the  field  and  found  to  contain  54  per  cent  of  ash.  The  Squaw  Creek 
beds,  on  the  contrary,  are  mainly  coal,  with  a  few  thin  layers  of  bone. 
The  Carter,  Anderson,  and  Meyers  beds  are  intermediate  in  quality 
between  the  Lockhart  and  Squaw  Creek  beds.  The  quality  of  the 
Anderson  and  Carter  beds  is  very  much  better  at  the  south  end  of 
the  field  than  it  is  at  the  north  end. 

DISTKIBUnON. 

The  Anderson  bed  may  be  readily  identified  by  its  position  300 
feet  stratigraphically  above  the  blue  conglomerate  and  by  the 
presence  near  its  middle  of  a  characteristic  white  clay  parting.     (See 

lAU  th«  prospects  at  which  sections  were  measured  are  numbered  on  the  map  (PL  XXIV),  and  tin 
•ectionfl  measured  at  these  points  are  numbered  oorrtqpoiidiiiglj  on  Fl.  XXV  and  In  tlie  tnC 
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sees.  14  and  15,  and  17  to  28,  PL  XXV,  p.  408.)  The  outcrop  of  this 
bed  is  clearly  marked  on  the  north  side  of  the  ridge  and  on  the 
south  side  from  sec.  22  to  the  Bear  Creek  fault.  In  sec.  21,  in  the 
S.  i  sec.  33,  T.  32  S.,  and  in  T.  33  S.,  the  location  of  the  outcrop,  as 
shown  on  Plate  XXIV,  is  only  approximate.  Prior  to  the  examina- 
tion by  Mr.  Campbell  in  1912  the  Anderson  bed  had  not  been  found 
on  the  north  and  west  sides  of  the  ridge,  and  it  was  generally  sup- 
posed that  it  was  not  continuous  imder  Eden  Ridge.  It  now  seems 
certain,  however,  that  the  Anderson  bed  imderlies  about  5  square  miles 
of  Eden  Ridge  and  approximately  1  square  mile  south  of  the  river 
adjacent  to  the  ridge. 

The  Carter  bed  is  400  feet  stratigraphically  above  the  Anderson 
bed.  It  has  been  opened  in  six  places  on  the  north  side  of  the  ridge, 
and  the  position  of  its  outcrop  for  a  distance  of  2  miles  is  well  estab- 
lished. On  the  south  side  of  the  ridge  two  openings  have  been 
made  on  this  bed  north  of  the  Bear  Creek  fault  and  three  south  of 
the  fault.  Approximately  3  square  miles  along  the  crest  of  Eden 
Ridge  are  imderiain  by  the  Carter  bed.  The  greatest  thickness 
measured  on  this  bed  is  about  8  feet,  at  location  7,  and  the  smallest 
is  3  feet  7  inches,  at  location  12.  Just  above  the  section  measured 
at  location  9  (PI.  XXV)  there  is  between  7  and  8  feet  of  bone  and 
carbonaceous  shale  with  numerous  layers  of  clean  coal  one-fourth  to 
one-half  inch  thick.  If  this  material  be  considered  part  of  the  bed, 
the  thickness  here  is  nearly  13  feet.  Location  4  is  a  shallow  pit  with 
several  feet  of  water  in  the  bottom,  so  that  the  lower  part  of  the  sec- 
tion and  the  total  thickness  could  not  be  measured. 

The  Lockhart  bed  is  50  feet  above  the  Carter.  It  is  exposed  in 
five  prospects  on  the  north  side  of  the  ridge  in  sees.  21,  28,  and  29, 
and  in  three  on  the  south  side  in  sec.  32.  The  bed  is  everywhere 
composed  of  carbonaceous  shale, and  bone  with  numerous  thin  layers 
of  clean  coal  from  a  fraction  of  an  inch  to  3  inches  thick.  At  loca- 
tions 1  and  2  this  bed  is  about  6  feet  thick  and  it  is  probable  that  it 
is  of  equal  thickness  elsewhere.  (See  sees.  1  and  2,  PI.  XXV.) 
The  distinctive  character  of  the  bed  and  its  stratigraphic  position 
with  reference  to  the  Carter  bed  render  it  easily  reo<^nizable  in  the 
field.  The  bed  has  been  prospected  only  in  the  areas  noted  above, 
and  its  outcrop  was  not  mapped  elsewhere,  but  the  bed  is  believed  to 
be  coextensive  with  the  Carter  bed. 

The  Meyers  bed  has  been  opened  at  only  two  prospects,  locations 
13  and  16.  It  is  9  feet  thick  at  location  16.  (See  sections  on  PI. 
XXV.)  Owing  to  the  fact  that  the  coal-bearing  shale  south  of  the 
river  is  badly  slumped,  except  possibly  at  these  prospects,  the  exact 
stratigraphic  position  of  the  bed  is  doubtful.  The  Anderson  bed  at 
location  15  is  about  25  feet  above  the  horizon  of  the  Meyers  at  loca- 
tion 16,  but  the  distance  between  these  beds  at  locations  13  and  14 
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could  not  be  detennined;  owing  to  the  Little  Falls  fault.  On  the 
other  hand  coal  which  may  represent  the  Meyers  bed  is  exposed  on 
Eden  Ridge  about  50  feet  below  the  Anderson^  so  that  the  true  dis- 
tance between  these  beds  may  be  50  feet  instead  of  about  25  feet. 

In  Squaw  Basin  18  exposures  of  coal  were  observed.  Only  2  of 
them,  at  locations  29  and  30,  had  been  sufficiently  prospected  in 
August,  1913,  to  permit  the  determination  of  the  thickness  and  char- 
acter of  the  coal.  At  these  two  places  the  bed  is  5  feet  and  8  feet 
thick,  respectiyely,  but  it  ia  reported  that  on  the  Rogue  River  side 
of  the  divide  south  of  Squaw  Camp  a  prospect  has  recently  been 
opened  in  which  the  bed  is  13  feet  thick.  The  prospecting  is  not 
sufficiently  advanced  to  admit  of  satisfactory  correlations  of  these 
exposures,  but  it  is  probable  that  there  are  at  least  three  beds,  the 
two  lowest  of  which  are  not  over  75  feet  apart  and  the  third  or  upper- 
most several  hundred  feet  higher.  The  exact  relation  of  these  beds 
to  those  on  Eden  Ridge  could  not  be  positively  determined.  It  is 
certain,  however,  that,  unless  there  is  a  fault  of  greater  magnitude 
than  any  now  known  in  the  area  between  Big  Falls  and  the  outcrop 
of  the  blue  conglomerate  immediately  to  the  north,  the  Squaw  Basin 
coal  beds  are  600  to  800  feet  stratigraphically  lower  than  the  Anderson 
bed.  No  surface  indications  of  such  a  fault  have  yet  been  observed, 
and  it  is  believed  that  these  coal  beds  are  in  reality  lower  than  the 
Anderson  bed.  If  they  are  lower,  they  must,  if  continuous,  imderlie  all 
of  Eden  Ridge,  Ash  Swamp,  and  the  greater  part  of  the  area  between 
Ash  Swamp  and  the  bluflf .  The  rocks  exposed  in  Squaw  Basin  outcrop 
on  the  south  slope  of  Rogue  River  divide,  and  this  divide,  therefore, 
marks  the  approximate  limit  of  the  coal  field  on  the  south. 

The  coal  in  the  Eden  Ridge  field  is  bituminous,  and  in  the  Squaw 
Basin  district  is  believed  to  have  coking  qualities.  It  commonly  has 
a  bright  luster,  though  in  places  it  is  somewhat  dull.  There  is  a  poor 
vertical  cleavage,  but  no  pronounced  lamination  parallel  to  the 
bedding.  The  coal  does  not  slack  or  disintegrate  on  exposure  to  the 
air,  and,  though  thoroughly  wet  in  many  of  the  outcrops  of  the  field, 
it  does  not  appear  to  be  readily  affected  by  the  weather.  These 
physical  properties,  together  with  the  low  moisture  content,  averaging 
4  per  cent,  the  high  heat  value,  about  12,000  British  thermal  imits 
for  coal  with  10  per  cent  or  less  ash,  and  the  possible  coking  quality, 
warrant  the  classification  of  the  Eden  Ridge  coal  as  bituminous. 

LOCAL  FEATT7BES  OF  COAL  BEDS. 

The  coal  beds  in  this  field  (see  sections  on  PI.  XXV)  contain  mate- 
rial of  all  grades  from  clean  bituminous  coal  with  ash  as  low  as  10 
per  cent  to  bone  with  60  per  cent  ash  and  carbonaceous  shale.    The 
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lenses  of  coal,  bony  coal,  and  bone  ^  are  from  a  fraction  of  an  inch  to 
several  inches  in  thickness  and  grade  into  one  another  both  yerticaUy 
and  horizontally.  The  gradation  from  coal  through  bony  coal  and 
bone  to  carbonaceous  shale  is  in  most  places  almost  imperceptible. 
Although  in  the  graphic  sections  (PL  XXV)  parts  of  a  bed  as  much 
as  3  feet  thick  are  shown  as  coal,  it  should  be  understood  that  at  no 
place  is  there  so  much  as  1  foot  of  coal  that  does  not  contain  at  least 
a  perceptible  amount  of  bone  or  bony  coal.  Much  of  the  material 
can  not  be  accurately  classified  without  a  determination  of  its  ash 
content,  and  the  same  portion  of  the  bed  may  be  differently  described 
and  classified  by  different  observers.  In  addition  to  the  difficulty  of 
determining  in  the  field  what  should  be  the  designation  of  the  different 
parts  of  a  bed  is  the  difficulty  of  showing  the  condition  of  the  bed  graph- 
ically. For  instance,  in  the  middle  of  the  section  at  location  3  (see  PI. 
XXV)  is  a  layer  1  foot  9  inches  thick  which  is  a  mixture  of  carbona- 
ceous shale,  bone,  and  bony  coal  that  can  not  be  differentiated.  This 
has  been  shown  graphically  by  the  symbol  of  bone  superimposed  upon 
that  for  carbonaceous  shale. 

So  great  is  the  variability  of  the  beds  that  no  two  sections  of  a 
bed  exactly  agree,  even  though  measured  in  the  same  opening,  and 
the  same  section  measured  by  different  observers  may  be  classified 
differently.  To  illustrate  this  difficulty,  several  sections  measured 
by  M.  R.  Campbell  in  the  same  prospects  measured  by  the  writer  are 
given  on  Plate  XXV.  For  purposes  of  discussion  the  sections  of  the 
Carter  bed  at  location  7,  measured  by  Mr.  Campbell  and  the  writer, 
may  be  taken  as  a  typical  example.  These  sections  were  measured 
at  the  face  of  a  prospect  drift  110  feet  long  at  points  not  over  10  feet 
apart.  Comparison  of  the  sections  measurement  by  measurement 
indicates  that  in  the  upper  5^  feet,  although  each  section  shows 
approximately  the  same  total  number  of  inches  of  coal — 45^  inches 
and  47  inches,  respectively — the  coal  is  differently  distributed,  and 
where  one  section  shows  three  layers  of  carbonaceous  shale  the  other 
shows  bone.  Furthermore,  the  total  thickn^s  of  the  bed  between 
shale  roof  and  floor  in  one  section  is  8  feet  1^  inches  and  in  the  other 
6  feet  H  inches.  Perhaps  a  more  striking  example  of  the  irregularity 
of  the  beds  is  derived  from  a  comparison  of  the  sections  of  the  Ander- 
son bed  measured  by  Mr.  Campbell  and  the  writer  at  location  21. 
These  sections  were  measured  at  the  face  of  a  prospect  drift  103  feet 
long  at  points  about  5  feet  apart.  One  section  shows  a  total  of  46 
inches  of  coal  in  nine  layers  which  range  in  thickness  from  2  inches 
to  10  inches;  the  other  has  but  one  stratum  of  coal,  and  that  is  14 

1  The  material  here  described  as  bone  is  a  black  compact  and  coherent  mixture  of  carbonaceous  and 
noncarbonaceous  material  and  is  not  considered  a  Itiel  in  the  ordinary  sense  of  the  term.  It  contains  33 
per  cent  or  more  of  ash;  its  luster  is  dull;  its  streak  ii  dark  brown;  its  texture  is  dense;  its  fracture  is  even; 
and  It  is  usually  harder  and  decidedly  heavier  than  the  coal  with  which  it  is  associated.  It  is  geoMrally 
tough  and  when  struck  with  a  hammer  gives  a  doll  impact.  "Bony  coal"  is  a  ooal  containing  a  large 
percentage  (less  than  33)  of  ash,  either  as  a  coherent  mixture  or  as  thin  alternating  layers  of  ooal  and  bone. 
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inches  thick.    The  10-inch  and  5^inch  layers  of  coal  above  tlie 
parting  in  the  section  measured  by  Mr.  Campbell  are  represented  bf 
11  inches  and  5^  inches  of  bony  coal  in  the  section  measured  by  the 
writer.    The  11-inch  and  5^inch  layers  of  bony  coal  were  «<tTnpM  , 
separately  and  found  to  contain  30  per  cent  and  29  per  cent  of  aah^-  i 
respectively.  i ; 

Under  such  conditions  it  is  manifestly  impossible  properly  to  detA  i 
mine  the  true  character  and  quality  of  a  coal  bed  except  by  nrnJriM  i 
chemical  analyses  of  numerous  samples.    Accordingly^  the  beds  at  w  ] 
prospects,  with  the  exception  of  those  at  locations  2,  4,  8,  and  24,  w«f 
sampled  for  analysis.^    Fifteen  samples  of  coal  from  this  field  hafft 
been  analyzed  by  the  Bureau  of  Mines  and  the  heat  value  of  the  corf 
experimentally  determined.    Five  of  these  samples  were  taken  bj 
W.  M.  Stephens,  mineral  examiner  of  the  Forest  Service,  five  by  M.  B. 
Campbell,  of  the  Geological  Survey,  and  five  by  the  writer.     Analyaet 
Nos.  9151  and  9187  of  two  samples  taken  by  M.  A.  Pishel  in  the  Coot 
Bay  coal  field  are  also  given.' 

On  Plate  XXV  the  parts  of  each  bed  sampled  are  bracketed  aad 
lettered,  and  the  corresponding  analyses  in  the  table  (pp.  411-413)  are 
denoted  by  a  combination  of  the  number  of  the  prospect  and  the  letter 
showing  the  part  sampled.  Thus  one  sample  was  taken  of  the  bed  at 
location  6  and  its  analysis  is  designated  in  the  table  as  6A;  No.  22  wm 
sampled  in  two  parts,  of  which  the  analyses  are  represented  by  22A 
and  22B;  No.  27  was  sampled  by  both  the  writer  and  Mr.  Campbell 
and  the  analyses  are  numbered  27A  and  27B.  The  sections  of  the 
Anderson  bed  represented  by  samples  23B  and  23C  are  not  shown  on 
Plate  XXV  but  are  given  below,  as  are  also  the  sections  measured  by 
W.  M.  Stephens,  the  corresponding  samples  being  numbered  5C,  lOB, 
18D,  21B,  and  21C  Gaboratory  Nos.  14048,  14049,  14047,  14045,  aod 
14046,  respectively). 

Sections  of  Anderson  coal  bed  at  location  W,  NE. }  see.  X8,  T.  St  S.,  R,  11  W, 


Seetioii  meainred  20  feet  from  leetioii  tS  ihown 

on  PL  XXV. 

Shale.  Ft.   in. 

Coal  and  bone  mixed  ' 2      6 

Clay,  white 3 

Coal  and  bone  mixed  ^ 2    10 

Shale.  


Seotion  below  white  cUj  partlntt  Beafned  f 
feet  ftom  preoedtnc  lectioB. 


Clay,  white. 

Coal* 

Bone  * 

Coal* 

Shale. 


Ft, 


to. 
9 
3 
4 


2     4 


1  The  samples  for  azmlysis  were  taken  according  to  the  standard  method  of  the  United  States  Geologieil 
Survey,  which  briefly  is  as  follows:  The  face  to  be  sampled  is  cleaned  and  squared  up  and  a  cut  made  acnai 
that  part  of  the  bed  to  be  sampled  of  such  sixe  as  to  yield  about  6  pounds  of  coal  to  the  Ibot  of  t>ifa»Viy«y  of 
bed ,  all  partings  of  clay  over  three-eighths  of  an  inch  thick  being  rejected  and  the  whole  sample  being  caogSit 
on  a  piece  of  oilcloth.  The  sample  is  then  reduced  in  size  to  pass  a  screen  with  openings  ona-half  inch  sqotrt 
and  cut  down  by  quartering  to  a  final  sample  of  3  to  4  pounds,  which  for  transmission  to  the  Bureau  of  ICiMi 
is  sealed  in  a  galvanized-iron  can. 

s  Diller,  J.  S.,  and  Pishel,  M.  A.,  Preliminary  report  on  the  Coos  Bay  coal  field,  Oregon:  U.  S.  GeoL 
Survey  Bull.  431,  p.  190, 1011. 

s  Included  in  sample  230  (float  and  sink  test,  p.  417). 

« Included  in  sample  23B  (float  and  sink  test,  p.  417).  A  sample  of  the  9  inches  of  coal  in  this  sectlaii  wn 
analysed  separately  and  found  to  contain  22  per  cent  of  ash. 
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The  analyBes  illustrate  the  great  variability  of  these  coak  fron 
place  to  place.  Sulphur  determinations  by  the  Bureau  of  Mines  a 
26  samples  from  all  the  beds  in  the  field  show  a  TninimuTn  of  0.36  per 
cent,  a  maximum  of  3.51  per  cent,  and  an  average  of  1.26  per  cent 
In  25  samples  the  moisture  in  the  air-dried  condition  ranged  from 
2.9  to  7.3  per  cent,  the  average  being  4  per  cent.  In  16  samples  of 
the  Anderson  bed  the  ash  ranged  from  16.3  to  40.2  per  cent,  tlie 
average  being  31  per  cent.  In  9  samples  of  the  Carter  bed  the  ash 
ranged  from  20.6  to  45.9  per  cent,  the  average  being  34.5  per  cent 
The  Meyers  bed  contains  about  24  per  cent  ash;  the  two  analyses  of 
Squaw  Basin  coals  show  16  and  28  per  cent  ash. 

The  analyses  differ  widely  in  respect  to  ash  content  and  heating 
value,  as  stated  above.  A  study  of  form  D,  however,  which  repre- 
sents the  coal  material  free  from  moisture  and  aah,  shows  that  the 
heating  value  of  the  material  itself  is  very  uniform  and  averages  otct 
13,000  British  thermal  units.  This  suggests  that  if  coal  beds  ccst- 
taining  less  bone  and  shale  could  be  discovered  in  the  field,  or  if  tiie 
coal  in  the  beds  here  discussed  could  be  mechanically  purified,  the 
resulting  fuel  would  be  of  high  grade. 

Comparison  of  the  analyses  with  those  of  the  Coos  Bay  coak  shows 
that  the  latter  are  lower  in  ash  and  in  heat  value  and  higher  in  mois- 
ture than  the  coals  in  the  Eden  Ridge  field.  The  Coos  Bay  coak 
contain  on  an  average  less  than  half  the  amount  of  ash  and  from 
two  to  three  times  the  amount  of  moisture  found  in  the  Eden  Ridge 
coals.  The  heat  value  of  the  coals  calculated  on  the  ash  and  mois- 
ture-free basis,  form  D,  shows  that  the  Coos  Bay  coals  contain  12,150 
and  12,400  British  thermal  units  as  compared  with  the  Eden  Ridge 
coals,  which  contain  on  an  average  between  13,500  and  14,000  Brit- 
ish thermal  units.  A  study  of  the  analyses  of  the  Eden  Ridge  coab 
shows  that  the  heat  value  of  the  samples  in  the  air-dried  condition 
is  nearly  in  inverse  proportion  to  the  ash  content.  This  relation  is 
expressed  grapliically  in  the  accompanying  diagram  (fig.  15). 

The  empirical  formula  of  Parr  and  Wheeler  for  "unit  coal"  *  was 
apphed  to  ten  analyses,  Nos.  14045-14049  and  14827-14831,  and  the 
results  averaged  to  determine  the  line  A-B  on  this  diagram.  Analy- 
ses Nos.  17704-17708  have  since  become  available  and  have  been 
plotted  on  this  diagram.  By  means  of  the  diagram  the  heat  value 
(within  200  British  thermal  units)  of  an  unweathered  sample  of  coal 
from  this  field  can  be  ascertained  directly  from  the  percentage  of 
ash,  so  that  only  the  latter  need  be  determined  by  analysis.    For  ex- 

1  Pair,  S.  W.,  and  Wheeler,  W.  F.,  Unit  coal  and  the  composition  of  coal  ash:  University  of  Illinois 
Bull.  No.  37, 1909. 
Formula  for  heat  value  of  unit  coal: 

Indicated  British  thermal  units -5,000  P»  oent^phor 
British  thermal  units  of  unit  coal-  -7per  cent  moisture  .,  ^  per  cent  asb  .  22  per  cent  8alpbir\ 

1-  V"~     ioo  ^^^      100      +io  ioo / 
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ample:  To  determine  the  approximate  heat  value  of  a  sample  con- 
taining 30  per  cent  ash,  follow  the  horizontal  line  corresponding  to 
30  per  cent  on  the  leftr-hand  vertical  scale  to  its  intersection  with  the 
line  A-B.  From  this  intersection  follow  the  vertical  line  down  to 
the  horizontal  scale  at  the  bottom.  The  result  is  9,000  British  ther- 
mal units.  That  is,  if  a  sample  in  the  air-dried  condition  contains 
30  per  cent  ash  it  may  be  confidently  inferred  that  it  yields  approxi- 
mately 9,000  British  thermal  units.  In  like  manner  a  sample  coa- 
tainiog  10  per  cent  ash  has  approximately  12,000  British  thermal 
units.  Because  of  this  practical  value  the  dif^ram  is  given  in  the  pre- 
liminary paper,  but  a  description  of  the  calculations  involved  in  locat- 
ing the  line  A-B  and  a  discussion  of  the  interpretation  of  the  results 
obtained  will  be  reserved  for  a  final  report,  to  be  published  later. 
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The  high  ash  content  in  the  Anderson  and  Carter  beds,  averaging 
about  30  per  cent,  is  of  course  a  decided  detriment,  and  if  not  at 
least  partly  removable  would  probably  prohibit  their  use  for  domes- 
tic fuel  or  for  making  steam.  It  is  doubtful  whether  or  not  they 
could  be  profitably  utihzed  as  mined,  even  in  the  gas  producer.  An 
examination  of  the  Eden  Kidge  coal  beds  shows  tbat  their  high  ash 
content  is  primarily  due  to  the  presence  of  bone  and  bony  coal 
occurring  in  layers  botween  the  benches  of  coal.  This  bone  contains 
40  to  50  per  cent  of  ash,  and  its  removal  would  leave  a  coal  material 
much  lower  in  ash  than  the  average  of  the  bed  as  mined.  A  common 
method  of  separating  bone  from  coat  and  thus  improving  its  quality 
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is  washing.  Bone  and  impure  coal  have  a  higher  specific  graTitrj 
than  coaly  and  it  is  this  physical  fact  on  which  the  successful  wi 
depends.  As  the  Eden  Ridge  coals  have  not  been  comnu 
washed,  the  only  means  by  which  to  judge  of  their  adaptabiIitTti| 
this  method  of  cleaning  is  by  float  and  sink  tests.  The  results  «t 
investigations  of  the  United  States  Geological  Survey  and  Bureau  d' 
Mines  ^  and  the  Canada  Department  of  Mines  '  are  considered  to  hm 
demonstrated  the  adequacy  of  float  and  sink  tests,  properly  into^ 
preted,  as  an  index  of  the  adaptabiUty  of  coal  to  commercial  washio^ 
The  results  of  the  float  and  sink  tests  and  field  analyses  of  coal  in  thi 
Eden  Ridge  field  made  by  the  writer  are  given  in  the  following  taUe: 

1  Belden,  A.  W.,  Delamater,  G.  R.,  Groves,  J.  W.,  and  Way,  K.  M.,  Waahini^  ^ntj  ooUng  tests  of  ori 
at  the  ftiel-testing  plant,  Denver,  Colo.,  July  1, 1906,  to  June  30, 1900:  Bureaa  of  Mines  BnlL  5  isnei 

s  Porter,  J.  D.,  and  Durley,  R.  J.,  An  investigation  of  the  coals  of  Canada  with  raferanoe  to  theka^ 
nomic  qualities:  Canada  Dept.  Mines,  Mines  Branch,  voL  1, 1912. 
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In  taking  each  sample  for  these  tests  the  writer  endeavored  ti 
obtain  if  possible  a  sample  that  would  represent  a  minable  portion  d 
the  bed.  The  tests  were  made  on  approximately  1  pound  of  ood 
broken  into  fragments  one-fourth  of  an  inch  or  less  in  size.  Al 
material  finer  than  60  mesh  was  screened  and  discarded,  and  tii 
remainder  was  separated  into  float  and  sink  in  a  caleium-chkiidB 
solution  of  1.35  specific  gravity.  The  column  of  liquid  in  wiiid 
the  separation  was  made  was  8  inches  high,  and  the  division  betwea 
float  and  sink  was  made  2)  inches  from  the  bottom;  that  is,  after 
the  sample  had  come  to  rest  in  the  apparatus  all  the  material  in  the 
upper  5^  inches  was  taken  out  and  treated  as  float,  and  all  the  In&t^ 
rial  in  the  lower  2)  inched  was  treated  as  sink. 

The  average  thickness  sampled  in  each  prospect  on  the  Andeisoa 
bed  on  the  south  sidfe  of  Eden  Ridge  (see  sees.  14,  15,  17-23,  and 
28,  PI.  XXV)  is  59  inches,  and  the  results  of  the  tests  as  given  aboTe 
show  in  these  samples  an  average  of  54.2  per  cent  float  with  an 
approximate  heating  value  of  10,000  British  thermal  units,  and  45  J 
per  cent  sink,  which  is  probably  worthless.  The  average  tbi^^'*' 
sampled  on  the  Anderson  bed  on  the  north  side  of  the  ridge  in  piw- 
pects  25,  26,  and  27  is  35  inches,  and  of  the  material  in  the  samples 
54  per  cent  was  float  with  an  approximate  heating  value  of  8,500 
British  thermal  units.  The  average  thickness  sampled  in  eight  pioe* 
pects  on  the  Carter  bed  (see  sees.  3,  5,  6,  7,  and  9-12,  PI.  XXV)  is 
36  inches,  and  the  average  of  the  results  of  the  float  ^id  sink  tests 
of  these  samples  show  that  50  per  cent  of  the  material  is  float  with 
an  approximate  heating  value  of  9,500  British  thermal  units. 

The  tests  thus  indicate  that  in  the  greater  part  of  the  field  the 
Anderson  and  Carter  beds,  though  very  bony,  will  yield  to  mechanical 
purification  and  will  give  a  washed  product,  representing  50  to  60 
per  cent  of  the  tonnage  mined,  which  will  contain  from  15  to  25  per 
cent  ash  and  have  a  heat  value  of  9,500  to  over  10,000  British  thermal 
units.  Inasmuch,  however,  as  the  material  must  be  broken  into 
fragments  less  than  1  inch  in  diameter  before  being  washed  it  is  evi- 
dent that  the  marketable  coal  will  be  in  small  fragments.  Abundant 
water,  a  prime  necessity  in  coal  washing,  is  available  in  this  field. 

The  best  coal  so  far  found  in  the  field  is  at  location  30  in  Squaw 
Basin.  Analysis  No.  17707  shows  it  to  contain  16  per  cent  ash  and 
to  have  a  heating  value  of  more  than  11,100  British  thermal  units. 
Although  coking  tests  by  the  Bureau  of  Mines  on  samples  from  loca- 
tions 29  and  30  gave  negative  results,  selected  portions  of  these  beds 
were  coked  by  the  writer  in  a  blacksnuth  forge.  It  is  very  probable 
that  if  the  bone,  though  small  in  amount,  were  cleaned  from  the  coal 
it  could  be  commercially  coked. 


GEOLOGY  AND  COAL  RESOURCES  OF  THE  SIERRA 
BLANCA  COAL  FIELD,  LINCOLN  AND  OTERO  COUN- 
TIES, NEW  MEXICO. 


By  Carroll  H.  WEOEiiANN. 


INTRODUCTION. 

OBJECT  OF  THE  DrVESTIGATION. 

Coal  in  the  vicinity  of  the  Sierra  Blanca,  N.  Mex.,  has  for  the 
last  20  years  attracted  the  attention  of  mining  men.  The  coal 
is  of  good  quality  and  has  been  mined  in  considerable  quantity, 
but  the  broken  character  of  the  beds  and  the  great  nimiber  of  igneous 
dikes  and  sills  which  have  been  intruded  into  them  are  serious  draw- 
backs to  mining.  The  work  here  reported  was  undertaken  as  a 
detailed  study  of  the  White  Oaks  district  and  a  rapid  reconnaissance 
of  the  coal  basin  as  a  whole,  with  special  reference  to  the  relations  of 
the  beds  mined  and  prospected  at  several  localities,  the  quality  of 
the  coal,  and  the  extent  to  which  it  has  been  injured  by  faulting, 
squeezing,  and  the  intrusion  of  igneous  material.  The  problem 
proved  to  be  very  complex,  and  the  time  which  could  be  spared  for 
the  work  was  all  too  short.  Much  still  remains  to  be  done,  but  it  is 
hoped  that  the  results  embodied  in  this  brief  report  may  be  of  value 
to  the  general  reader  and  may  form  the  basis  of  futiire  more  extended 
studies  when  these  are  undertaken. 

LOCATION  AND  EXTENT  OF  THE  SIEBBA  BLANCA  COAL  FIELD. 

The  Sierra  Blanca  coal  field  occupies  an  area  32  miles  in  length  and 
24  miles  in  width,  extending  from  White  Oaks  on  the  north  to  Ruidoso 
and  Three  Rivers  on  the  south,  and  from  Capitan  on  the  east  to  the 
line  of  the  El  Paso  &  Southwestern  Railroad  on  the  west.  (See  PL 
XXVII,  p.  446.)  Broadly,  the  area  is  a  structiu-al  basin  smrounded 
by  older  sedimentary  rocks  and  intruded  along  its  axis  by  a  mass  of 
igneous  material  which  forms  the  Sierra  Blanca,  the  culminating  point 
of  which  is  the  peak  known  as  Sierra  Blanca. 

The  coal  beds  on  the  west  side  of  the  Sierra  Blanca  have  thus 
far  not  proved  equal  in  economic  importance  to  those  on  the  east 
side.  Coal  has  been  mined  in  large  quantity  at  Capitan  and  at 
White  Oafayn  the  east  side  of  the  range,  and  the  output  of  these 
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mines  in  1901  made  Lincoln  County  the  third  in  the  State  in  ^j 
production  of  coal.    Mining  has  now  ceased,  however,  excq>t 
supply  local  demand. 

The  districts  of  Capitan  and  of  White  Oaks,  although  parts  of  tbl 
one  large  coal  field,  are  practically  cut  off  one  from  the  other  by  tkl 
igneous  masses  of  Patos  Mountain  and  Carrizo  Peak,  so  that  in  tk 
pass  between  these  mountains  the  coal-bearing  rocks  form  a  stzip 


Figure  16.— Map  of  New  Mexico,  showing  location  of  tlie  Sierra  Blanca  coal  field. 

but  a  few  rods  in  width.  Of  the  two  districts  that  of  Capitan,  as 
here  considered,  is  many  times  the  larger,  extending  from  the  Tucson 
Moimtains  on  the  north  to  the  valley  of  the  Ruidoso  on  the  south. 
Futiu*e  work  may  show  that  this  part  of  the  field  should  be  regarded 
rather  as  three  districts — the  Tucson,  the  Capitan,  and  the  Ruidoso— 
but  in  the  present  discussion  it  may  be  considered  as  a  imit.  The 
White  Oaks  district  comprises  an  area  of  about  3  square  miles  south- 
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'  east  of  the  little  gold-mining  town  of  White  Oaks.  It  lies  m  a  valley 
hemmed  in  on  the  east,  south,  and  west  by  mountains  of  igneous 
rock,  and  is  at  the  extreme  northeast  side  of  the  Sierra  Blanca  coal 
basin. 

FIELD  WOBE  AND  I«AND  ST7BVETS. 

In  carrying  out  the  field  work  for  the  present  report  a  detailed 
examination  of  the  White  Oaks  district  was  first  made,  this  being 
followed  by  a  rapid  reconnaissance  of  the  entire  Sierra  Blanca  coal 
field.  The  time  spent  on  the  work  was  one  month,  from  the  middle 
of  October  to  the  middle  of  November,  1912.  The  treatment  of  the 
subject  matter  in  the  report  is  twofold;  the  broader  studies  in  general 
geology  apply  to  the  region  as  a  whole,  whereas  the  detailed  obser- 
vations on  the  coal  beds  are  confined  for  the  most  part  to  the  White 
Oaks  field. 

The  general  map  of  the  Sierra  Blanca  field  is  based  on  a  map  of  the 
Lincoln  National  Forest,  published  in  1908  by  the  Forest  Service. 
Locations  on  it  were  made  for  the  most  part  with  reference  to  the 
land  surveys.*  In  the  White  Oaks  district  the  mapping  was  detailed 
and  was  done  with  a  telescopic  aUdade  on  a  15-inch  plane  table. 
Locations  were  made  by  a  system  of  triangulation  expanded  from  a 
ineasiu*ed  base  line.'  Section  corners  were  located  when  found,  the 
land  net  being  afterward  drawn  from  them.  The  east  tier  of  sections 
in  T.  6  S.,  R.  11  E.,  is  represented  on  the  map  as  unusually  wide, 
the  lines  being  drawn  on  the  basis  of  the  location  of  a  supposed  town- 
ship-line comer  a  little  less  than  a  mile  south  of  Baxter  Mountain. 
This  tier  of  sections  is  recorded  on  the  township  plat  of  the  General 
Land  Office  as  1  mile  in  width,  and  it  is  possible  that  in  the  present 
work  the  identity  of  the  corner  mentioned  was  mistaken.  T.  6  S., 
R.  12  E.,  and  T.  7  S.,  R.  13  E.,  were  originally  surveyed  in  1882  by 
Hall  and  Brown  and  T.  6  S.,  Rs.  11  and  13  E.,  the  following  year 
by  John  Shaw. 

ACCESSIBIIjn^T. 

The  El  Paso  &  Southwestern  Railroad  traverses  the  western  border 
of  the  Sierra  Blanca  coal  field,  and  from  the  town  of  Carrizozo  a  branch 
line  extends  to  Capitan.  Stage  lines  run  from  Carrizozo  to  both  Capi- 
tan  and  White  Oaks.  The  field  may  also  be  reached  from  RosweU  on 
the  Atchison,  Topeka  &  Santa  Fe  Railway  by  way  of  Lincoln,  but 
the  distance  from  RoswoU  is  much  greater  than  that  from  Carrizozo. 

i  The  author  is  indebted  to  Mr.  O.  E.  Meinxer,  of  the  U.  S.  Geological  Survey,  for  free  use  of  his  unpub- 
lished notes  and  maps  of  the  region  west  of  the  Sierra  Blanca.  This  material  was  gathered  in  the 
preparation  of  a  report  on  the  water  resources  of  the  Tularoea  Basin,  N.  Hex.  (Water-Supply  Paper  343), 
soon  to  be  published. 

*  For  a  detailed  discussion  of  the  method  see  Wegemann,  C.  H.,  Plane-table  methods  as  adapted  to  geo- 
logic mapping:  Eoon.  Geology,  vol.  7,  pp.  621-d37, 1912. 
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HISTOBT  OF  DEVELOPMENT. 

Coal  was  mined  in  the  vicinity  of  Capitan  in  the  middle  eighties  to 
supply  Fort  Stanton,  but  it  was  not  until  1899  that  the  large  mines 
of  the  New  Mexico  Fuel  Co.  were  opened.  The  development  of  the 
coal  mines  at  White  Oaks  was  dependent  on  the  growth  of  the  gold- 
mining  iadustry  in  that  field,  as  the  coal  was  used  chiefly  to  supply 
power  for  the  mines  and  mills.  The  history  of  the  White  Oaks  dis- 
trict therefore  begins  with  the  discovery  of  gold  at  the  North  Home- 
stake  property  on  Baxter  Mountain  in  1879.*  The  location  of  the 
South  Homes  take  and  other  gold  properties  soon  followed,  the  town 
of  White  Oaks  being  settled  by  the  miners.  In  1890  development 
was  begun  on  the  Old  Abe  gold  mine  on  Baxter  Mountain.  The  mine 
is  well  known  for  the  value  of  its  ores,  the  unusual  association  of  its 
minerals,  and  the  depth  (1,300  feet)  of  its  practically  dry  workings. 
The  value  of  the  output  to  January  1,  1904,  is  given  by  Jones  *  as 
$875,000.  Since  that  date  the  production  has  been  small.*  A  com- 
pany known  as  the  Wild  Cat  Leasing  Co.  is  at  present  operating  the 
North  and  South  Homestake  properties,  and  both  the  Old  Abe  and 
Wild  Cat  companies  operate  coal  miaes. 

Many  of  the  details  of  the  development  of  coal  mining  in  the  Sierra 
Blanca  coal  field  are  not  on  record,  but  the  following  notes,*  given  in 
chronologic  order,  present  the  main  facts  of  the  history: 

1882-83.  White  Oaks  district:  The  official  reports  of  the  Territory  of  New  Mexico  for 
the  years  1882  and  1883  state  that  "In  the  region  of  White  Oaks  there  are  laige 
bodies  of  coal,"  and  J.  V.  Hewett,  president  of  the  Old  Abe  Co.,*  referred  in 
1896  to  the  increase  in  coal  mining  as  the  WTiite  Oaks  gold  camp  developed 
during  the  15  years  previous. 

1885.®  Capitan  district:  Coal  mined  about  3  miles  west  of  Capitan  for  use  at  Fort 
Stanton. 

1895.  A\liite  Oaks  district:  Wells  &  Parker  mine,  3  miles  southeast  of  White  Oaks; 

slope  425  feet  in  length;  bed  4  feet  thick;  production,  3,506  tons,  valued  at 
$16,000.  Apparently  other  mines  were  in  operation  at  this  time,  for  J.  V. 
Hewett,  writing  in  this  year,  makes  the  following  statement:  ^  **The  total 
output  of  coal  at  White  Oaks  has  resulted  in  6,000  tons  for  the  past  year,  this 
production  being  limited  by  local  consumption  only  for  milling  and  mining 
service  and  custom  service." 

1896.  WTiite  Oaks  district:  Wells  &  Parker  mine,  production  4,910  tons,  valued  at 

$19,640. 

1897.  No  information  obtained. 

1898.  WTiite  Oaks  district:  Old  Abe  coal  mine  opened  December  19,  1898. 

1  For  the  quaint  story  of  this  discovery  see  Jones,  F.  A.,  New  Mexico  mines  and  minerals,  1904. 
« Op.  cit. 

s  For  a  full  description  of  this  and  other  mines  in  the  White  Oaks  district  see  Graton,  L.  C,  The  ore 
deposits  of  New  Mexico:  U.  8.  Geol.  Survey  Prof.  Paper  68,  pp.  179-182,  1910. 

*  Much  of  the  information  here  presented  is  taken  from  the  reports  of  the  U.  S.  coal-mine  inspector  Am* 
the  Territory  of  New  Mexico. 

»  Hewett,  J.  v.,  Mines  of  New  Mexico,  Bureau  of  Immigration,  Santa  Fe,  pp.  71-72, 1896. 

•  Date  uncertain;  approximate. 
^  Hewc'.t,  J.  v.,  op.  cit. 
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.  White  Oaks  district:  Old  Abe  coal  mine  up  to  June  30  produced  1,469  tons, 
valued  at  $2,672. 
Capitan  district:  Akers  &  Ayen  mines,  1  mile  north  of  Capitan,  were  opened  by 
the  New  Mexico  Fuel  Co.,  W.  P.  Thompson,  general  manager,  operating 
for  the  New  Mexico  Railway  &  Coal  Co.,  of  New  York  City.  Two  beds  of 
coal  were  worked,  the  Akers  3^  to  6  feet  in  thickness  and  the  Ayers  2}  to 
^  feet. 

1900.  Capitan  district:  Akers  No.  1  mine  (afterward  known  as  Capitan  No.  1),  pro- 

duction 41,260  tons,  valued  at  $82,520.  Akers  No.  4  mine  (afterward  known 
as  Capitan  No.  2),  production  29,327  tons,  valued  at  $58,654.  These  mines 
were  on  the  same  bed  and  about  1  mile  apart.  Ayers  Nos.  2,  7,  and  8  were 
about  3,000  feet  from  Akers  No.  1  and  on  a  different  bed.  Ftoduction  of 
these  mines,  13,227  tons,  valued  at  $26,454. 
White  Oaks  district:  Old  Abe  coal  mine,  production  4,246  tons,  valued  at 
$9,649.58. 

1901.  Lincoln  County  ranked  third  in  the  territory  in  the  production  of  coal. 
Capitan  district:  Production  169,440  tons,  valued  at  the  mines  at  $2  a  ton. 

Ayers  bed  no  longer  worked.  Akers  No.  1,  slope  800  feet  long.  Akers  No.  4, 
slope  1,250  feet  long.  Linderman  mine,  3  miles  west  of  Capitan,  J.  J.  Blow, 
general  manager.  The  slope,  450  feet  in  length,  was  put  down  near  the  site 
of  the  old  mine  worked  in  1885  to  supply  Fort  Stanton.  Many  faults  were 
encountered  and  the  coal  differed  greatly  in  thickness.  No  production. 
White  Oaks  district:  Old  Abe  coal  mine,  production  3,342  tons. 

1902.  Capitan  district:  Capitan  No.  1  (Akers  No.  1),  production  54,417  tons;  slope 

1,200  feet.  Capitan  No.  4  (Akers  No.  4),  production  60,978  tons;  slope  1,500 
feet.  Capitan  Nos.  6,  7),  8,  and  10  mines  were  suspended,  th3  coal  being 
worked  out.^  The  beds  were  much  broken  by  intrusive  igneous  rock.  No.  7 
produced  4,116  tons,  but  was  closed  down  because  a  dike  was  encountered. 
The  output  of  the  Capitan  district  was  less  than  that  of  the  preceding  years. 
White  Oaks  district:  Old  Abe,  production  2,391  tons. 

1903.  Capitan  district:  Production  96,000  tons,  the  marked  decrease  in  comparison 

to  the  previous  year's  production  being  due  to  the  difficulty  of  mining  because 
of  the  disturbed  character  of  the  beds. 
White  Oaks  district:  Old  Abe,  production  2,096  tons. 

1904.  Capitan  district:  Production  90,995  tons. 

White  Oaks  district:  Old  Abe  mine,  production  1,500  tons. 

1905.  Capitan  district:  Production,  42,250  tons.    The  last  shipment  of  coal  from 

mine  No.  2  was  made  April  27  and  the  mine  abandoned.    The  last  shipment 
from  mine  No.  1  was  made  June  3,  but  a  small  amount  of  coal  was  afterward 
mined  to  supply  Fort  Stanton. 
White  Oaks  district:  Old  Abe  mine,  production  890  tons. 

1906.  Capitan  district:  Mine  No.  1,  produced  1,895  tons  and  was  abandoned. 
White  Oaks  district:  Old  Abe  mine,  production  650  tons. 

1907.  Capitan  district:  Mine  No.  1,  production  796  tons. 
White  Oaks  district:  Old  Abe  mine,  production  1,160  tons. 

1908.  Capitan  district:  Production  842  tons. 

White  Oaks  district:  Old  Abe  mine,  production  1,530  tons. 

District  west  of  the  Sierra  Blanca:  Willow  Springs  mine,  in  sec.  3,  T.  9  S., 

K.  10  E.;  coal  bed  2}  to  5  feet  thick,  dip  16''  SE.;  depth  of  slope  320  feet; 

production  150  tons,  sold  in  Garrisoso;  closed  down  December  14  and  not 

reopened. 

t  The  tzAct  locatloos  of  tben  mliMt  tofl  tto 
Inspector's  reporti  and  were  not 
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1910.  Capitan  district:  Gray  mine  (near  the  old  Linderman  mine,  unsucceflBfuIly 

opened  in  1901),  a  slope  250  feet  long  simk  by  S.  T.  Gray,  of  Oapitan.    Coal 

bed  3  feet  6  inches  thick;  dip  S°;  output  250  tons. 
White  Oaks  district:  Old  Abe  mine,  production  2,065  tons. 
District  west  of  the  Sierra  Blanca:  Conner  &  Smith  mine,  6  miles  south  of 

Carrizozo,  coal  bed  4  feet  10}  inches  thick,  including  four  shale  jMrtingB. 

1911.  White  Oaks  district:  Old  Abe  mine,  production  1,658  tons. 

1912.  White  Oaks  district:  Old  Abe  mine,  production  538  tons.     Wild  Oat  mine, 

opened  about  March  1;  production  to  December  31,  2,012^  tons. 

1913.  White  Oaks  district:  Old  Abe  mine,  production  124  tons.    Wild  Gat  mine, 

production  2,656  tons;  8  men  employed;  length  of  slope,  250  feet. 

TOPOGRAPHY. 

The  trend  of  the  Sierra  Blanca^  which  occupies  the  middle  of  the 
Sierra  Blanca  coal  fields  is  approximately  north  and  south.  Its 
highest  point,  Sierra  Blanca  Peak,  attains  an  altitude  of  11,882 
feet.  Nogal  Peak,  9  miles  north  of  Sierra  Blanca,  is  over  9,000  feet 
above  sea  level,  and  Church  Moimtain,  3  miles  farther  north,  over 
8,000  feet.  Church  Mountain  forms  the  end  of  the  imbroken  range. 
North  of  it  rise,  through  the  surrounding  sedimentary  strata,  great 
masses  of  igneous  material  which  form  more  or  less  isolated  moun- 
tains. These  were  probably  contemporaneous  in  origin  with  the 
main  range  and  are  the  virtual  continuation  of  it.  Such  are  Y^^ 
Cruz  and  Tucson  moimtains,  Carrizo  Peak  south  of  White  Oaks, 
Patos  Mountain  east  of  the  town,  and,  in  part,  Baxter  Mountain, 
which  Ues  west  of  White  Oaks.  Vera  Cruz  and  Tucson  mountains 
lie  somewhat  east  of  the  line  of  the  main  range  and  are  in  alignment 
with  the  Capitan  Moimtains,  which  extend  from  a  point  7  miles 
northeast  of  Capitan  eastward  for  20  miles  at  right  angles  to  the 
Sierra  Blanca.  The  position  of  Vera  Cruz  and  Tucson  mountains 
suggests  their  possible  relation  to  both  ranges. 

Tlie  crest  of  the  Sierra  Blanca  is  comparatively  narrow.  Only 
10  miles  west  of  it  Ues  a  great  imdrained  arid  plain  known  as  the 
Tularosa  Basin,  down  the  center  of  which  in  comparatively  recent 
times  a  mass  of  basaltic  lava  has  been  poured.  This  has  formed 
what  is  known  to  the  Mexicans  as  the  *'malpais,"  or  badland,  an 
area  of  jagged  lava  destitute  of  soil  and  so  broken  by  crevices  and 
pits  that  it  is  extremely  difficult  to  cross  even  on  foot.  Along  the 
eastern  edge  of  the  plain,  near  the  foot  of  the  range  and  at  an  altitude 
of  about  5,000  feet,  the  coal-bearing  rocks,  which  dip  eastward, 
appear  at  the  surface.  In  this  vicinity  the  coimtry  is  treeless  and 
semiarid,  but  the  land  supports  abundant  native  grasses  which 
cure  on  the  stem  at  the  close  of  the  rainy  season  and  fm*nish  excellent 
feed  for  stock. 

On  the  east  of  the  Sierra  Blanca  the  coal  beds  outcrop  at  eleva- 
tions of  6,000  to  7,000  feet  above  the  sea.     The  land  is  for  the  most 
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part  tiinbered  and  is  much  better  watered  than  the  country  to  the 
west  of  the  mountains,  particularly  in  the  southern  part  of  the  coal 
area,  where  perennial  streams  head  in  the  main  range.  As  is  to  be 
expected,  the  temperati^e  decreases  very  noticeably  with  increase 
in  altitude,  so  that  within  comparatively  short  distances  marked 
differences  in  climate  are  encountered. 

One  of  the  largest  streams  in  the  area  is  the  Rio  Ruidoso,  a 
beautiful  moimtain  torrent  which  flows  eastward  from  Sierra  Blanca 
Peak  and  is  joined  on  the  north  by  Eagle  Creek,  which  also  heads 
in  the  highest  part  of  the  range.  The  Rio  Bonito,  a  stream  equal  in 
size  to  the  Rio  Ruidoso,  heads  between  Sierra  Blanca  and  Nogal  peaks, 
draining  the  slopes  of  both,  and  flows  eastward  to  join  the  Rio 
Ruidoso,  the  two  streams  forming  the  Rio  Hondo,  a  branch  of  the 
Pecos.  Salado  Creek  joins  the  Rio  Bonito  from  the  north,  but  does 
not  flow  from  so  high  land  nor  have  so  good  water  as  that  stream. 

Over  the  rest' of  the  coal  basin  the  streams  are  intermittent  and 
water  is  obtained  from  scattered  springs,  wells,  or  cisterns. 

The  principal  railroad  town  in  the  area  is  Carrizozo,  which  lies  in 
the  wind-swept  semiarid  plain  at  some  distance  from  the  mountains. 
White  Oaks  has  a  much  more  pleasing  situation,  lying  in  a  vafley  shut 

in  on  all  sides  by  timbered  hUls.     In  the  nineties  it  was  one  of  the 

•  

famous  gold  camps  of  the  Territory,  but  it  is  now  half  deserted,  most 
of  its  business  having  gone  to  its  more  prosperous  rival  on  the  railroad. 
Capitan,  to  which  on  certain  days  a  train  runs  over  the  branch  line 
from  Carrizozo,  was  once  a  thriving  coal  town.  With  the  closing  of 
the  Inines  its  business  activity  was  lessened,  but  it  still  supplies  a  con- 
siderable area  of  country  and  is-  the  headquarters  of  the  supervisor 
of  the  Lincoln  National  Forest.  The  former  gold  camp  of  Bonito  on 
the  Rio  Bonito  is  deserted  and  the  post  office  has  been  discontinued. 
However,  post  offices  (ire  located  at  the  gold  properties  at  Parsons 
and  at  Angus,  and  on  the  Rio  Ruidoso  there  is  a  store  and  post  office 
called  Ruidoso.  Fort  Stanton  is  now  used  as  a  United  States  marine 
hospital. 

GEOIiOGY. 

SEDIMENTABY  BOCKS. 
GENERAL   CHABACTER. 

The  geology  of  the  Sierra  Blanca  field  has  not  hitherto  been  studied 
in  detail,  and  the  correlation  of  its  strata  with  those  of  other  fields  in 
the  State  in  which  geologic  work  has  been  done  is  not  an  easy  task, 
inasmuch  as  many  of  the  fossils  found  in  the  beds  are  representatives 
of  undescribed  species  concerning  the  stratigraphic  range,  of  which 
but  little  is  known. 
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The  strata  of  the  Sierra  Blanca  field  may  be  divided  on  lithologk 
grounds  into  seven  formations,  as  follows: 

Stratiffraphic  section^  Sierra  Blanca  coal  fidd,  N,  Mex. 

1.  Coal-beariBg  fonnation;  shale,  sandstone,  and  thin  beds  of  lime- 

stone containing  two  to  eight  beds  of  bituminous  coal  that  differ 
greatly  in  thickness;  a  few  leaf  impressions;  fresh  water 630 

2.  Shale,  sandstone,  and  limestone;  the  upper  third  of  this  division 

consists  of  shale  interbedded  with  impure  limestone,  weathering 
buff  and  containing  numerous  fossils;  below  are  interbedded  sand- 
stone and  shale  beds;  and  at  the  base  lies  a  heavy  stratum  of  sand- 
stone, which  usually  forms  an  escarpment 440 

3.  Shale,  dark  gray  and  bluish,  having  near  its  base  two  or  more  thin 

beds  of  bentonite  and  a  bed  of  blue  limestone;  fossils  collected 
near  the  base  identified  as  Benton;  estimated  thickness 500 

4.  Dakota  (?)  sandstone;  buff,  coarse  sandstone,  interstratified  at  its 

top  with  thin  beds  of  shale  resembling  that  of  the  Benton;  con- 
tpins  plant  impressions  but  nothing  sufficiently  well  preserved 
for  identification;  possible  representative  of  the  Dakota  sand- 
stone (Upper  Cretaceous)  and  Comanche  series  (Lower  Cre- 
taceous)  175 

5.  Morrison  (?)  formation,  shale,  variegated  pink  and  gieen,  contain- 

ing thin  beds  of  limestone,  shale,  conglomerate,  and  beds  of  white 
sandstone;  possible  representative  of  the  Morrison  fonuatioii^ 
estimated  thickness 590 

6.  Limestone  (Carboniferous),  gray;  estimated  thickness 700 

7.  Red  beds  (Carboniferous). 

Coal-hearing  formation  (No.  1  of  general  section), — ^The  following 
section,  measured  in  the  vicinity  of  the  Wild  Cat  mine,  White  Oaks 
district,  is  given  as  typical  of  the  coal-bearing  formation: 

Section  of  coal-bearing  rocks  near  the  Wild  Cat  mine.  White  Oaks  district. 

Shale.                                                                            '  Ft.   in. 

Coal 9} 

Shale 1 

Coal 2      4 

Shale 23 

Coal 8 

Covered  (shale?) 115 

Coal 5 

Shale  and  sandstone 107 

Bone 3i 

Coal  (Wild  Cat  mine) 1     lOJ 

Coal,  bony 1 

Shale 2      6 

Coal 8 

Shale 4 

Limestone -.  6 
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Ft.     in. 

CJovered  (shale?) 24 

Coal 1      6 

Shale 6 

Coal 4 

Covered  (shale?) 9      8 

Limestone,  blue 5 

Sandstone,  white 15 

Shale 4 

Coal 10 

Shale  and  sandstone 15 

Coal 1      3 

Shale 11 

Sandstone,  wliite 20 

Shale 36 

Sandstone,  iron  stained 2 

Shale 18 

Sandstone 4 

Shale 4 

Coal 6 

Covered 150 

Sandstone 15 

Coal 1    10 

Shale,  iron  stained 25 

Limestone  bed  at  top  of  formation  2,  p.  10.  

630      6i 

All  the  strata  of  this  formation,  including  the  coal  beds,  are 
exceedingly  variable  in  character  and  thickness  and  the  measure- 
ments here  given  would  not  hold  for  any  other  locality. 

The  formation  has  yielded  but  few  fossils.  These  represent  a  land 
flora  and  the  formation  containing  them  was  doubtless  deposited  in 
fresh  water.  At  the  old  Williams  mine,  about  3  miles  southeast  of 
White  Oaks,  some  specimens  of  fossil  fruit  were  obtained  from  a  hard 
shale  stratum  about  5  feet  above  the  coal  bed.  These  specimens  are 
discussed  by  F.  H.  Knowlton  as  follows: 

This  locality  was  visited  by  Mr.  Stanton  in  1889  and  the  only  specimens  he  obtained 
were  fruits  like  the  present  specimens  and  probably  from  the  identical  place.  I 
identified  the  first  specimens  as  Nysaa  lanceolata  Heer,  as  determined  by  Lesquereux, 
and  I  can  see  no  reason  to  change  the  identification.  Lesquereux's  material  was 
from  the  Denver  formation  of  the  Denver  Basin,  and  I  should  presume  these  to  be  of 
the  same  approximate  age;  but  obviously  a  single  species,  and  that  a  fruit,  is  an  inse- 
cure basis  for  an  age  determination. 

Two  leaf  impressions  were  obtained  from  the  sandstone  immedi- 
ately overlying  the  coal  at  the  abandoned  opening  of  the  Old  Abe 
mine,  2J  miles  southeast  of  White  Oaks,  which  were  not  sufficiently 
well  preserved  for  identification.  Leaves  collected  by  M.  R.  Camp- 
bell *  in  1906  ''from  a  sandstone  bed  closely  underlying  the  coal  at  an 

1  Campboll,  M.  R.,  Coal  In  the  yiolnity  of  Fort  Stanton  Reservation,  Lincoln  County,  N.  Hex.:  U.  8. 
Qeol.  Survey  Bull  316,  pp.  431-434, 1907. 
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abandoned  mine  about  a  mile  west  of  the  village  of  Capitan''  (Capi- 
tan  No.  2)  were  determined  by  F.  H.  Knowlton  as  probably  of 
Laramie  age: 

From  this  small  but  interesting  collection  I  have  been  able  to  identify  the  following 
forms  with  a  considerable  degree  of  certainty :  Cinnamomwn  affiru  Lieaqaereiix,  Platans 
raynoldsiif  Newberry,  Populus  sp.?  cf.  P.  melanarioide*  Lesquereux.  The  moit 
abundant  form  in  the  collection  is  the  Cinnamomum,  which  appeals  to  be  the  C. 
affine  of  Lesquereux,  but  the  leaves  are  rather  smaller  than  the  normal  leaves  of  thst 
species  and  not  all  of  them  quite  agree  with  the  types.  It  may  be  that  it  is  a 
new  but  closely  related  species,  though  if  correctly  detennined — and  I  believe  it  u— 
it  would  indicate  a  Laramie  age  for  the  beds.  The  specimen  identified  with  PlatanMt 
raynoldsii  is  a  mere  fragment  from  the  base  of  the  leaf,  but  it  can  hardly  be  another 
species.  The  Populus  is  a  smaller  leaf  than  the  type  specimen  of  P.  nularupioida^ 
but  is  otherwise  indbtinguishable.  My  opinion  is  that  the  beds  in  question  are 
Laramie  in  age. 

Since  this  determination  was  made  much  new  information  has  been 
gained  concerning  Tertiary  floras.  Mr.  Knowlton  stated  recently  in 
conversation  with  the  writer  that  he  now  considers  the  collection  here 
described  to  belong  in  all  probability  to  the  flora  of  the  post-Laramie 
rather  than  to  the  Laramie,  the  species  being  similar  to  those  from 
the  Denver  formation  of  the  Denver  Basin/  or  its  probable  eqiiivalent, 
the  Raton  formation  of  northern  New  Mexico.* 

There  is  no  lithologic  indication  that  the  coal-bearing  strata  in  the 
White  Oaks  field  belong  to  more  than  one  formation.  The  lowest 
coal  bed  which  is  foimd  in  the  field  outcrops  in  the  NE.  J  NW.  J 
sec.  5,  T.  7.  S.,  R.  13  E.,  318  feet  stratigraphically  below  the  coal  bed 
at  the  Wild  Cat  mine.  Fossil  collection  8073  was  obtained  25  feet 
below  this  lowest  coal.  (See  p.  430.)  The  stratigraphic  position  of 
this  collection  with  reference  to  other  collections  indicates  that  it  is 
probably  to  be  considered  as  of  Montana  age,  although  Mr.  Stanton 
states  that  the  Inoceramus  is  suggestive  of  the  Colorado.  The  25 
feet  of  strata  between  the  coal  bed  (which,  with  the  overlying  forma- 
tion is  believed  to  be  of  post-Laramie  age)  and  the  bed  carrying 
Montana  ?  fossils  consists  of  dark  ferruginous  shale  apparently 
conformable  with  the  strata  above  and  below.  Its  age  is  indetermi- 
nate, although  on  lithologic  grounds  it  would  be  classed  with  the 
overlying  beds.  There  is  thus  no  physical  indication  of  a  great 
time  break,  such  as  is  represented  by  the  post-Laramie  unconformity 
in  the  Denver  Basin. 

SJuUe  and  sandstone  formation  (No.  2  of  general  section). — ^A  detailed 
section  of  the  strata  of  the  formation  underlying  the  coal-bearing 
rocks  was  measured  northwest  of  the  Wild  Cat  mine  and  is  a  con- 
tinuation downward  of  the  measured  section  on  page  427. 

1  Emmons,  8.  F.,  Cross,  Whitman,  and  Eldridge,  G.  H.,  Geology  of  the  Denver  Basin  in  Colorado:  U.  S. 
Ueol.  Survey  Mon.  27, 1896. 

sEJiowIton,  F.  H.,  Results  of  a  paleobotanical  study  of  the  coal-bearing  rooks  of  the  Ratoo  Men 
region  of  Colorado  and  New  Meidco:  Am.  Jour.  Sci.,  4th  ser.,  vol.  35,  pp.  526-^530, 1913. 
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Section  of  the  rocks  underlying  the  coal-bearing  rocks  northwest  of  the  Wild  Cat  minCf 

WhiU  Oaks  district. 

Shale  of  coal-bearing  formation.  Feet 
Limestone,  impure,  bluish  gray,  weathers  buff  (fossil  collection 

8073;  see  p.  14) 2 

Shale,  gray 56 

Sandstone,  yellow 4 

Limestone,  thin-bedded,  bluish  gray;  weathers  buff;  fossiliferous.  5 

Shale  and  sandstone 30 

Limestone,  impui:^,  bluish  gray;  weathers  buff;  fossiliferous 4 

Shale,  gray 36 

Limestone,  impure,  bluish  gray;  weathers  buff;  fossiliferous 5 

Shale,  gray 28 

Sandstone 10 

Shale,  gray 26 

Sandstone,  coarse,  cream-colored 27 

Covered  (shale  and  limestone?) 15 

Oyster  bed,  small  shells 1 

Covered  (shale?) 48 

Sandstone,  gray,  calcareous;  many  oysters  at  top 5 

Covered  (shale?);  oysters  near  top 40 

Sandstone,  cream-colored  and  pink,  coarse 18 

Covered  (shale?) 21 

Shale,  weathers  brown,  contains  near  top  great  numbers  of  Turri- 

tella  and  Ostrea 16 

Sandstone,  white,  cream-colored,  and  pink,  laige  Inoceramus  found 

on  surface 50± 

444db 

Some  of  these  strata,  especially  the  limestone  beds,  are  very 
fossiliferous,  the  fossils  being  of  marine  or  brackish-water  types. 
The  determinations  in  the  following  list  of  collections  were  made  by 
T.  W.  Stanton: 

8069.  Blanchard  Gulch  in  Tucson  Mountains,  6  miles  northeast  of  Nogal,  N.  Mex.: 

Ostrea  sp.    Young  shells. 

Cardium  sp.  related  to  C.  curtum  M.  and  H. 

Tellina  sp. 

Mactrasp. 

Pugnellus  sp.  related  to  P.  fusiformis  (Meek). 

It  18  possible  that  this  lot  may  be  of  Colorado  age,  but  in  my  judgment 
it  represents  a  horizon  of  early  Montana  age.  There  is  a  lack  of  distinctive 
types  and  the  species  are  probably  undescribed. 

8070.  One-half  mile  north  of  White  Oaks,  N.  Mex.,  from  brown  sandy  limestone  near 

top  of  formation  2: 
Ostrea  sp.    Young  shell. 
Inoceramus  sp.    Fragment. 
Cardium  sp. 
Turritella  sp. 
Gyrodessp. 
Pugnellud  sp. 
Same  fauna  aa  8069. 
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8071.  Two  miles  east  of  WMte  Oaks,  N.  Mex. ,  and  65  feet  above  the  base  of  loninlioit  \ 

Oatreasp. 
Corbula  sp. 
Turritella  sp. 
Apparently  same  fauna  as  8069  and  8070. 

8072.  Same  locality  as  8071,  near  top  of  formation  2,  in  calcaieoua  bed  bdowAi{ 

highest  sandstone: 
Ostreasp. 
Cardium  sp. 
Same  fauna  as  806&-8071. 

8073.  Two  miles  south  of  White  Oaks,  N.  Mex.,  and  1,000  feet  southeast  of  WQd  Oi 

mine;  24  feet  below  lowest  coal: 
Ostrea  sp. 

Inoceramus  sp.    Fragment  of  a  thick-shelled  species. 
Cardium. 
Shark's  tooth. 
The  Inoceramus  in  this  lot  is  suggestive  of  upper  Colorado. 

8074.  At  Well's  ranch,  2  miles  southeast  of  White  Oaks,  N.  Mex.,  from  limestone  hjm 

between  sandstone  series  and  coal  group: 

Ostrea  soleniscus  Meek. 

Modiola  sp. 

Cardium  sp. 

Veniella  sp. 

Tellina?  sp. 

Turritella?  sp. 

Shark's  teeth. 
Probab.ly  belongs  to  same  fauna  as  8069-8072. 
The  Pugnellus  in  the  fauna  from  White  Oaks  resembles  but  is  not  identical  with?. 
fimformia  (Meek),  and  the  same  may  be  said  of  the  Cardium  as  compared  with  Or- 
dium  curtum  M.  and  H.  These  forms  suggest  possible  correlation  with  the  Colondo 
group,  but  there  are  other  elements  in  the  &una  that  indicate  a  higher  horizon.  Pre- 
vious collections  from  the  region  obtained  by  me  in  1889  and  by  Mr.  O.  £.  Meiioa 
in  1911  have  been  tentatively  referred  to  the  Montana  group,  and  I  still  think  that 
this  reference  is  correct,  though  it  must  be  admitted  that  in  the  collections  ezamised 
there  is  lack  of  anunonoids  and  other  definitely  characteristic  forms  such  as  are  incst 
depended  upon  in  stratigraphic  determinations. 

The  cliflf-forming  sandstone  beds  in  the  lower  part  of  this  forma- 
tion and  their  associated  shales,  although  fossD  bearing,  do  not  pre- 
serve the  shoUs  as  perfectly  as  the  overlying  limestone  beds.  The 
small  collection  No.  8071  was  obtained  65  feet  above  the  base  of  the 
formation,  but  unfortunately  the  species  have  a  wide  range  and  are 
thus  of  little  value  in  age  determination.  A  large  Inoceramus  was 
collected  a  little  below  the  horizon  of  No.  8071,  and  of  this  speci- 
men Mr.  Stanton  states  that  it  suggests  the  thick-shelled  forms  char- 
acteristic of  the  upper  part  of  the  Colorado  group. 

Shale  formation  (No,  3  of  general  section). — A  complete  section  of  the 
strata  of  this  formation  was  not  measured  by  the  writer.  The  beds 
are  for  the  most  part  gray  shale,  resembling  that  of  the  Benton  of 
Wyoming.  A  10-foot  bed  of  fine-grained  bluish-gray  limestone, 
which  when  struck  with  a  hammer  gives  off  an  odor  of  brimstone,  lies 
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c=i  25  feet  above  the  base.  Above  the  limestone  occurs  a  lO-mch  bed  of 
bentonite  (hydrous  silicate  of  alumina)  and  20  feet  higher  a  second 
bed  of  bentonite  2  inches  thick.  No  analysis  was  made  of  the  ben- 
tonite^ but  it  is  so  similar  to  the  bentonite  characteristic  of  the  Ben- 

.  ton  formation  in  the  north  that  there  seems  little  question  of  its 
identity.  The  shale  below  the  limestone  just  described  is  interbedded 
with  sandstone  similar  to  that  of  the  underlying  formation,  so  that 
there  is  no  sharp  line  of  division  between  the  sandstone  below  (sup- 
posed Dakota)  and  the  overlying  shale.  The  preceding  observations 
were  made  at  exposures  along  Salado  Creek,  2  miles  south  of  Capitan. 
M.  R.  Campbell,'  in  his  study  of  the  Fort  Stanton  Reservation, 
estimated  the  total  thickness  of  the  shale  (No.  3  of  general  section) 
to  be  about  500  feet.  He  obtained  a  small  fossil  collection  on  which 
T.  W.  Stanton  in  1906  reported  as  follows: 

The  lot  from  near  the  upper  gate  of  the  Fort  Stanton  Reeervation  conskts  of  dark 
calcareouB  shale,  with  many  specunens  of  Inoceramus  labiatus  Schlotheim  and  some 
imperfect  imprints  of  two  species  of  ammonites,  probably  belonging  to  the  genus 
Prionotropis.    The  horizon  is  in  the  Benton  group. 

Dakota  (?)  sandstone  (No.  4  of  general  section). — The  cliff-forming 
sandstone^  here  designated  as  Dakota  ( ?);  is  well  exposed  4  or  5  miles 
northeast  of  White  Oaks,  where  its  thickness,  as  measured  by  the  writer 
is  175  feet.  It  also  forms  an  escarpment  east  of  Capitan  and  at 
many  other  localities  surrounding  the  coal  area.  No  recognizable 
fossils  have  been  obtained  from  it,  although  it  carries  fragmentary 
plant  impressions  and  is  therefore  apparently  of  fresh-water  origin. 
It  may  be  the  equivalent  of  the  Dakota  sandstone  (Upper  Cretaceous) 
or  it  may  be  in  part  Comanche  (Lower  Cretaceous).  The  3-foot  bed 
of  carbonaceous  shale  at  its  base  is  suggestive  of  the  Lower  Cre- 
taceous coal  farther  to  the  north,  although  there  is  no  indication 
here  of  the  coarse  conglomeratic  bed  below,  which  underlies  the  coal 
in  that  locality. 

Morrison  (?)  formation  (No.  5  of  general  section). — The  shaly  strata 
here  tentatively  correlated  with  the  Morrison  formation  generally 
outcrop  in  this  area  in  a  valley  outside  the  ridge  formed  by  the  sand- 
stone bed  of  formation  4.  They  consist  principally  of  shale  but  con- 
tain also  thin  sandstone  and  limestone  beds  and  beds  of  shale  con- 
glomerate in  a  calcareous  matrix.  The  colors  are  soft  in  tone  and 
vary  from  white  to  yellow,  green,  gray,  blue-gray,  and  purple,  being 
well  described  as  variegated.  The  beds  were  classed  by  Campbell  * 
tentatively  as  Morrison  and  there  is  no  reason  to  change  this  tentative 
classification.  So  far  as  known  they  are  imfossiliferous  in  this 
locality  and  except  for  their  stratigraphic  position  and  lithologic 
character  there  is  little  evidence  bearing  on  the  subject  of  their  age. 

1  Cwnpbelly  M.  R.,  Coal  in  the  vlciiiltj  of  Fort  Stanton  Reserratlon,  Lincoln  Coontj,  N.  Hex.:  U.  8. 
G«oL  Snrrvy  BolL  816,  p.  484, 1007. 
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Carboniferous  limestone  and  red  beds  (Nos.  6  and  7  of  general  sec- 
tion).— ^The  Carboniferous  limestone  and  red  beds  which  outcrop  as 
a  rule  some  distance  beyond  the  coal  area  were  given  but  little  study 
in  the  present  mvestigation.  No.  6  is  probably  to  be  correlated  with 
the  San  Andreas  limestone,  the  uppermost  formation  of  the  Pennsyl- 
vanian  as, described  by  Lee.* 

COMPARISON  OF  THE  WHITE   OAKS  SECTION  WITH  THE  CARTHAGE 

SECTION. 

The  division  of  the  section  at  White  Oaks  into  formations  (see 
columnar  section^  PI.  XXVII)  is  to  be  regarded  as  tentative  only,  as 
the  paleontologic  evidence  is  by  no  means  conclusive.  In  a  report 
on  the  Carthage  coal  field,  which  lies  60  miles  west-northwest  of 
White  Oaks,  James  H.  Gardner*  gives  the  following  stratigraphic 
section,  which  appears  to  be  very  similar  lithologically  to  the  section 
at  White  Oaks: 

Part  of  general  section  of  rocks  in  the  Carthage  region. 

Montana:  Feet 

Sandstone,  tan-colored  and  drab  shale  with  traces  of  coal 600 

Shale  and  thin  beds  of  sandstone.  Top  contains  Ostrea  sp., 
Anomia  micronema  Meek?,  Modiola  related  to  M,  regtiUais 
(White),  Corbicula?  sp.,  Corbula  sp.,  Melania  sp.,  and 

Admetopsis?  sp 40 

Coal,  Carthage 5 

Shale,  drab 20 

Sandstone,  brown,  massive 20 

685 

Colorado: 

Shale,  drab,  with  yellowish  lime  concretions 120 

Shale,  yellowish,  with  brown  sandstone 45 

Sandstone,  brown,  massive,  soft,  fossiliferous,  containing 
Ostrea  sp.,  Ostrea  luguhris  var.  belliplicata  Shumard,  Pinna 
sp.,  Pholadomya  sp.,  Fasciolaria?  sp.,  Prionotropis  wooU 

gari  (Man tell)?  and  Coilopoceros  colleli  Hyatt 15 

Shale,  drab 40 

Shale,  drab,  with  thin  brown  sandstone 135 

Sandstone,  gray,  massive 10 

Sandstone  and  shale;  in  center  fossiliferous  sandstone  con- 
taining InoceramiLS  labiatiiSy  Cardium  sp.,  Cyprimeria  sp., 
Psilomya  sp.,  Gyrodes  sp.,  Fasciolaria?  sp.,  and  Voluto- 

derma?  sp ^ 30 

Shale,  drab 500 

895 


1  Lee,  W.  T.,  and  Olrty,  O.  H.,  The  Mantano  group  of  the  Rio  Grande  valley,  N.  Mex.:  U.  S.  OeoL 
Survey  Bull.  3S9, 1909. 
*  U.  8.  Qeol.  Survey  Bull.  381,  p.  465. 
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Dakota  (7):  Feet. 

Sandstone,  gray,  hard,  in  bold  hogback,  some  thin  shale 200 

Trias8ic(?): 

Sandstone,  dark  red,  with  red  and  drab  shales 1, 300 

Shale,  gray,   with  pinkish  chert  inclusions,   minute  bone 

fragments 20 

Shale,  red,  and  some  sandstone 260 

Sandstone,  red,  and  red  shale 100 

Conglomerate,  with  coarse  quartz  pebbles,  dark,  white,  and 

yellow 15 

Shale,  variegated,  and  red  sandstone 300 

1, 995 

Carboniferous: 

Limestone,  bluish  gray,  weathers  yellowish;  could  possibly 
be  used  with  higher  shale  for  manufacture  of  Portland  ce- 
ment       200 

[Total  thickness  of  this  part  of  section 3, 975] 

The  coal-bearing  rocks  of  the  Carthage  section  were  provisionally 
referred  by  Gardner  to  the  Montana,  although  they  appear  to  occupy 
the  same  stratigraphic  position  as  the  coal-bearing  rocks  in  the  White 
Oaks  field.  At  Carthage  fossils  of  undoubted  Colorado  age  were  col- 
lected 205  feet  below  the  coal,  whereas  at  White  Oaks  the  distinctive 
collections,  on  the  evidence  of  which  the  beds  below  the  coal-bearing 
rocks  are  regarded  as  of  Montana  age,  come  from  horizons  less  than 
200  feet  below  the  lowest  coal  bed.  The  fossils  from  White  Oaks  are 
less  characteristic  than  are  those  from  the  Carthage  field.  It  is  not 
impossible  that  the  strata  which  carry  the  doubtful  Montana  fauna  in 
the  White  Oaks  field  represent  the  205  feet  of  strata  below  the  coal  at 
Carthage  from  which  no  fossils  were  collected,  and  that  the  sandstone 
beds  of  Colorado  age  at  Carthage  are  the  equivalent  of  those  in  the 
lower  part  of  formation  2  in  the  White  Oaks  section. 

TEBRACES. 

The  Sierra  Blanca,  like  most  of  the  ranges  of  this  general  region, 
is  flanked  by  terraces,  the  gravel  cover  of  which  constitutes  one  of 
the  more  recent  deposits  of  the  area.  The  terraces  are  a  serious 
hindrance  to  the  tracing  of  the  coal  beds,  as  the  soU  and  gravel  which 
usually  cover  them  effectually  conceal  all  underlying  strata.  A  de- 
scription of  the  terraces  in  the  vicinity  of  White  Oaks  will  serve  to 
illustrate  their  character  throughout  the  area. 

The  town  of  White  Oaks  is  situated  at  the  junction  of  the  three 
forks  of  an  intermittent  stream.  The  valley  of  this  stream  is  compara- 
tively narrow  and  is  cut  in  bedrock.  Its  bluffs  rise  steeply  a  hundred 
feet  or  more  to  the  level  of  a  broad  terrace  whose  slopes  rise  toward  the 

SeS'*— Bull.  541—14 28 
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mountains.  Thesoil  cover  of  this  terrace  is  but  a  few  feet  thick,  andbj 
bedrock  outcrops  at  many  places  in  the  small  vaUeys  which  treodiill 
Some  200  or  300  feet  above  tUs  terrace  a  second  terrace  slopes  m 
ward  to  the  base  of  the  mountains  and  is  covered  with  gravd,  s(hdi 
of  the  bowlders  being  a  foot  or  more  in  diameter.  The  thickness  d' 
the  gravel  was  not  measured,  but  it  is  probably  not  great,  for  tb 
terrace,  like  the  first,  has  been  cut  by  stream  action  from  the  undfr 
lying  rocks  rather  than  built  up  by  outwash  from  the  mountam. 
Similar  terraces  are  developed  25  miles  southeast  of  White  Oaks,  nm 
Fort  Stanton,  on  the  east  side  of  the  Sierra  Blanca.  They  are  tb 
result  of  erosion  by  streams  heading  in  the  mountains,  but  the  coih 
ditions  which  produced  them  are  not  well  understood.  Regioiul 
uplift,  after  a  period  of  erosion  in  which  the  streams  had  time  to 
reach  grade  and  to  widen  their  valleys  into  broad  flats,  would  reju- 
venate the  streams,  causing  them  to  intrench  their  courses  and  letTO 
the  flats  as  terraces.  As  suggested  by  A.  C.  Spencer^  a  qimilir 
result  might  follow  marked  climatic  change  with  decrease  in  raiofiO, 
which  by  decreasing  the  load  furnished  the  streams  at  their  beds, 
would  increase  their  down-cutting  power,  enabling  them  to  infroich 
themselves  in  flats  which  they  had  previously  formed.  In  the  White 
Oaks  region  this  hypothesis  is  perhaps  the  more  probable  one. 

IGNEOXTS  ROCKS. 

In  any  consideration  of  the  Sierra  Blanca  coal  field  the  igneous 
rocks  play  a  most  important  part.  Not  only  do  they  compose  the 
main  range  of  the  Sierra  Blanca  and  the  isolated  peaks  which  extend 
that  range  northward,  thus  cutting  out  the  coal  beds  from  fully 
one-third  of  the  area,  but  as  dikes  and  sills  they  intrude  the  coal- 
bearing  rocks  which  surroimd  the  mountains,  interrupting  the  coal 
beds  at  unexpected  places  and  rendering  mining  difficult.  The 
precise  relation  of  the  dikes  and  sills  to  the  main  intrusion  is  not 
easily  determined  because  of  the  gravel-covered  terraces  which 
surround  the  igneous  mass  of  the  main  range  and  effectually  conceal 
the  underlying  rocks.  Some  portions  of  the  rock  of  the  dikes  are 
closely  related  in  composition  to  the  rock  of  the  mountain  mass, 
but  other  portions  of  it  are  distinct.  The  igneous  rock  of  the  main 
range  is  not  homogeneous  in  composition,  but  differs  considerably 
from  place  to  place  and  appears  to  be  the  result  of  several  epochs 
of  intrusion,  the  later  rocfa  cutting  the  earlier. 

In  the  present  work  no  attempt  was  made  to  study  the  igneous 
rocks  except  as  they  affect  the  coal  beds,  and  because  of  the  lack  of 
good  exposures  even  such  study  was  far  from  satisfactory.  The  fol- 
lowuig  list  of  specimens  collected  at  different  places  throughout  the 

1  Spencer,  A.  C,  U.  S.  Geol.  Survey  Oeol.  Atlas,  La  Plata  folio  (No.  60),  p.  10, 1889. 
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area  and  their  determinations  will  give  a  general  idea  of  the  character 
of  the  igneous  rocks :  * 

1.  Diorite  (?),  much  altered,  grayi  with  a  laige  amount  of  magnetite,  from  the 
Hopeful  gold  mine  1  mile  southeast  of  Nogal  Peak.  The  country  rock  at  this  locality 
is  classed  by  Graton'  as  monzonite  porphyry,  to  which  this  diorite  is  probably  closely 
related.  He  considers  it  as  one  of  the  oldest  igneous  rocks  exposed  in  the  range  and 
states  that  it  is  probably  related  to  the  main  intrusive  of  the  White  Oaks  district, 
namely,  that  at  the  gold  mines  on  the  east,  side  of  Baxter  Mountain. 

2.  Soda  rhyolite,  light  gray-brown,  from  the  north  side  of  Carrizo  Peak  about  300 
feet  above  the  base  of  the  mountain.  This  rock,  which  appears  to  be  representative 
of  the  mass  composing  the  north  flank  of  Carrizo  Peak,  is  probably  intrusive  like  the 
diorite,  but  has  many  of  the  characteristics  of  a  rapidly  cooled  surftu^e  flow. 

3.  Soda  rhyolite  »  from  the  SE.  }  sec.  21,  T.  7  S.,  R.  11  E.  This  rock  forms  several 
buttes  in  this  locality,  the  largest  of  which  is  several  hundred  feet  in  height. 

4.  Trachyte,  yellowish  brown,  stained  and  banded,  one-half  mile  north  of  White 
Oaks,  from  a  sill  intruded  into  the  coal-bearing  formation. 

5.  Granodiorite  porphyry,  light-colored  to  yellowish  brown,  porphyritic  with  dense 
fine  groundmass,  1  mUe  north  of  White  Oaks,  from  a  dike  50  feet  in  width  which  cuts 
the  Cretaceous  sediments.  This  rock,  although  but  one-half  mile  from  the  trachyte 
sill  represented  by  specimen  No.  4,  is  very  different  from  it. 

6.  Rhyolite,  light  to  purplish  in  color.  About  1  mile  northwest  of  old  Three  Rivers 
post  office  on  west  side  of  the  Sierra  Blanca.  Rock  probably  from  a  dike  cutting 
sedimentary  rocks  beneath  an  igneous  flow  or  sill  which  caps  the  high  ''palisades"  in 
this  locality. 

7.  Basalt,  reddish,  iron  stained,  porphyritic,  vesicular.  Same  locality  as  No.  5. 
This  rock  was  collected  from  a  bowlder  which  had  apparently  fallen  from  the  top  of 
the  cliff.    It  is  probably  from  a  surface  flow. 

8.  Basalt  porphyry,  dark  porphyritic  rock  from  a  sill  in  sec.  21,  T.  11  S.,  R.  9^  E., 
northeast  of  headquarters  of  Fail's  ranch. 

9.  Lamprophyre,  probably  a  monchiquite,  dark,  fine-grained  porphyritic.  Wells 
&  Parker  coal  mine.  White  Oaks  field,  from  a  thin  sill  6  feet  above  the  coal  bed. 

10.  Monchiquite  type  of  lamprophyre,  dark,  dense,  porphyritic  rock,  resembling 
No.  8, 1^  miles  north  of  White  Oaks,  from  a  thin  dike  cutting  beds  which  are  probably 
those  of  formation  6  of  the  section  given  on  page  10. 

11.  Basalt,  dark,  vesicular,  amygdaloidal,  porphyritic,  10  miles  north  of  Carrizozo 
from  the  recent  lava  flow  of  the  ''malpais. " 

12.  Augite  kersantite,'  dark  gray,  from  a  sill  several  hundred  feet  in  thickness 
which  caps  Milagro  Hill  1  mile  northeast  of  Oscuro.  The  sill  is  underlain  by  the 
coal-bearing  beds  of  formation  1. 

From  the  diversity  of  the  rocks  contained  in  the  foregoing  list  it 
is  reasonable  to  suppose  that  they  represent  several  epochs  of  intru- 
sion, and  the  field  relations  bear  out  such  a  supposition.  As  shown 
under  the  discussion  of  structure,  the  oldest  igneous  rocks  in  the 
region  were  probably  intruded  during  the  Tertiary  after  the  deposi- 
tion of  the  coal-bearing  rocks.  From  that  time  on  almost  to  the 
present  there  have  been  successive  epochs  of  intrusion  and  volcanic 

1  The  writer  is  indebted  to  E.  S.  Larsen  and  J.  F.  Hunter,  both  of  the  U.  S.  Geological  Survey,  for  deter- 
minations of  rock  specimens, 
t  Graton,  L.  C,  Ore  deposits  of  New  Mexico:  U.  S.  Geol.  Survey  Prof.  Paper  68,  p.  178, 1910. 
•  Collected  by  O.  E.  Meinser.    (Bee  note,  p.  421.) 
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activity.  In  some  places  the  molten  rock  cooled  before  reaching 
the  surface,  forming  dikes  and  sills  which  have  been  in  part  uncov- 
ered by  subsequent  erosion;  in-  others  it  welled  out  on  the  surface  in 
flows.  The  most  recent  of  these  flows  is  the  great  lava  flow  known 
as  the  ''malpais/'  west  of  Canizozo,  which  was  formed  in  all  likelihood 
but  a  few  hundred  years  ago.  The  surrounding  topography  has  not 
changed  since  the  rock  cooled,  and  near  the  cinder  cones  at  the  north 
end  of  the  flow,  which  apparently  mark  the  site  of  the  lost  volcanic 
activity,  may  be  seen  the  fissures  in  the  lava  from  which  the  cinders 
and  pumice  were  ejected,  their  walls  reddened  by  oxidation  due  to 
the  intense  heat. 

STBTJCTXTBE. 

» 

The  Sierra  Blanca  coal  field,  as  outlined  by  the  coal  beds  which 
outcrop  around  its  margin,  is  a  broad  syncline  32  miles  from  north 
to  south  by  24  miles  from  east  to  west.  Along  the  axis  of  this 
syncline  h&s  been  intruded  a  great  mass  of  igneous  rock,  which 
forms  the  Sierra  Blanca  and  its  outliers  to  the  north.  The  timber 
that  clothes  most  of  the  surface,  and  the  gravel-covered  terraces, 
which  practically  cover  all  bedrock  for  many  miles  in  a  zone  border- 
ing the  igneous  mass,  present  serious  obstacles  to  the  study  of  the 
structure  of  the  region.  However,  excellent  key  rocks  are  present. 
The  Dakota  (?)  sandstone  with  the  variegated  shale  below  it,  the 
fossiliferous  limestone  and  sandstone  strata  below  the  coal-bearing 
rocks,  and  the  coal  beds  themselves  are  easily  recognized  at  different 
places  throughout  the  field  and  form  the  basis  for  the  determination 
of  the  structure.  In  the  following  discussion  of  the  structure  many 
data  that  would  ordinarily  be  given  under  the  head  of  coal  are 
included,  as  the  determination  of  the  structure  is  often  dependent 
on  the  tracing  of  the  coal  beds. 

The  town  of  White  Oaks,  on  the  northeastern  edge  of  the  coal  basin, 
lies  in  a  much-faulted  area.  Less  than  half  a  mile  north  of  the  town 
the  coal-bearing  rocks,  which  dip  to  the  west,  are  cut  off  one-fourth 
of  a  mile  from  their  outcrop  by  a  fault  with  downthrow  on  the  east, 
which  brings  the  shale  of  Benton  age  almost  on  a  level  with  them. 
A  little  farther  west  a  second  fault  throws  the  shale  below  the  Dakota 
(?),  which  here  dips  to  the  west  and  is  cut  off  by  the  igneous  mass 
which  forms  the  east  flank  of  Baxter  Mountain.  The  fault  zone  can 
be  traced  north  and  northeast  across  sec.  24,  T.  6  S.,  R.  12  E.,  where 
there  has  been  considerable  intrusion  of  igneous  rock  along  the  fault 
planes.  The  Dakota  (?)  sandstone  is  cut  out  by  the  fault  in  the 
SE.  i  sec.  24,  T.  6  S.,  R.  11  E.,  and  the  underlying  Morrison  (?) 
formation  appears  west  of  the  stream  valley  which  apparently  fol- 
lows the  fault  zone.  These  beds  also  dip  to  the  west  toward  the 
mountain.     East  of  the  creek  in  the  SW.  }  sec.  24,  T.  6  S.,  R.  12  E., 
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^  the  fossiliferous  shale  and  limestone  underlying  the  coal-bearing  for- 

^'*  mation  outcrop,  the  dip  being  to  the  southeast  at  an  angle  of  12®. 

^'  The  same  beds,  duplicated  by  faulting,  outcrop  on  the  east  side  of  the 

-  same  section  and  dip  southeast  at  an  angle  of  6®. 

■^      Baxter  Mountain  is  formed  only  in  part  by  igneous  rock.     The 

*<  crest  appears  to  be  composed  of  sandstone  belonging  to  formation  2 

^  of  the  section  on  page  426,  which  is  underlain  by  shale.     The  strata 

''i   dip  to  the  southwest  and  were  probably  brought  to  this  position  by 

the  upthrust  of  the  intrusion  which  forms  the  east  flank  of  the 

r    mountain.* 

The  mountain  in  the  NE.  }  sec.  13,  T.  6  S.,  R.  12  E.,  and  the 
NW.  }  sec.  18,  T.  6  S.,  R.  13  E.,  was  not  examined  in  detail  but 
appears  to  be  synclinal  and  coal  is  reported  on  its  crest.  There  is 
a  coal  mine  in  the  valley  east  of  the  mountain  in  the  NE.  J  sec.  18, 
and  a  little  west  of  the  mine  mouth  a  rather  large  fault  trends  approxi- 
mately north  and  south  with  downthrow  on  the  east.  If  the  report 
of  cofiJ  near  the  mountain  crest  is  correct  it  is  probably  the  same  bed 
or  one  near  it,  the  difference  in  elevation  being  due  to  the  displace- 
ment along  the  fault  plane.  It  is  not  unlikely  that  this  fault  may 
be  connected  with  the  zone  of  displacement  in  sec.  24  mentioned 
above. 

The  escarpment  facing  the  northwest  in  the  SE.  \  sec.  24  is  formed 
by  the  beds  of  the  formation  underlying  the  coal,  which  here  dip  6® 
SE.  This  dip  would  carry  the  beds  below  the  escarpment  formed 
by  them  in  the  central  part  of  sec.  30,  T.  6  S.,  R.  13  E.,  were  it  not 
for  a  fault  with  downthrow  on  the  northwest  which  apparently 
corresponds  with  the  valley  in  this  locality. 

The  escarpment  in  sec.  30  outlines  a  gentle  syncline  which  opens 
to  the  southwest  as  shown  on  the  map,  the  strike  of  the  beds  chang- 
ing from  N.  58®  E.  near  the  southwest  comer  of  sec.  30  to  N.  46°  W. 
in  the  NE.  i  sec.  31.  Part  of  this  change  in  strike  takes  place  along 
the  line  of  the  igneous  dike  which  runs  northeast  from  the  center  of 
sec.  31,  cuttiAg  at  right  angles  across  the  beds.  For  almost  1  mile 
southeast  of  this  dike  the  strike  of  the  beds  (N.  46®  W.)  is  constant, 
but  it  changes  abruptly  in  the  SW.  }  sec.  32,  T.  6  S.,  R.  13  E.,  where 
a  fault  with  downthrow  on  the  southeast  cuts  across  the  beds  at 
right  angles  to  the  strike.  The  line  of  this  fault,  like  that  of  many 
others  in  the  region,  is  occupied  by  a  stream  valley.  Southeast  of 
the  fault  the  strike  of  the  coal  beds  is  north-south  and  the  beds  are 
apparently  unbroken  as  far  as  Old  Abe  mine  No.  1,  now  abandoned. 
Just  south  of  the  opening  of  this  mine  the  coal  bed  is  cut  by  a  fault 
trending  N.  53°  E.,  with  downthrow  on  the  southeast,  which  shifts 
the  coal  outcrop  400  feet  to  the  east.    The  bed  can  be  traced  for 

>  See  cfofli  eecUon  by  Jonee,  F.  A.,  New  Mexioo  mlnee  and  mineral,  flg.  81,  p.  174, 1904. 
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one-fourth  of  a  mile  south  of  this  place,  but  in  the  center  of  sec.  5 
is  concealed  by  gravel.  A  group  of  coal  beds  is  exposed  in  the  SB.  J 
of  the  same  section,  one  of  which  probably  corresponds  to  the  Old 
Abe  bed.  If  such  correlation  is  correct  the  outcrop  of  the  bed  has 
been  thrown  some  distance  to  the  east,  presumably  by  faulting  in 
the  area  covered  by  the  gravel.  In  the  vicinity  of  the  old  Wells  & 
Parker  mine,  which  is  situated  in  the  SE.  \  sec.  5,  occur  several 
igneous  dikes  and  sills,  and  a  short  distance  south  of  the  mine  the 
outcrop  of  the  coal-bearing  rocks  is  narrowed  to  a  strip  but  a  few 
rods  in  width  in  the  pass  between  the  igneous  masses  of  Carrizo  Peak 
and  Patos  Mountain.  Southeast  of  the  pass  the  outcrop  of  the 
sandstone  and  limestone  beds  of  the  formation  between  the  coal- 
bearing  rocks  and  the  Dakota  ( ?)  sandstone  appears  to  bear  to  the 
east.  Farther  south  they  are  either  faulted  or  bent  back  to  the  west 
again,  as  the  coal  group  that  occurs  a  short  distance  stratigraphically 
above  these  rocks  outcrops  in  sec.  26,  T.  7  S.,  R.  13  E.,  on  the  east 
side  of  the  Tucson  Mountains.  The  strike  of  the  beds  is  here  N.  26*^ 
E.,  and  the  dip  19°  NW.,  toward  the  igneous  mass  of  the  mountains. 

Between  the  Tucson  Mountains  and  the  Capitan  field  the  structure 
was  not  studied.  In  the  latter  area,  as  described  by  Campbell/  the 
coal-bearing  rocks  which  dip  to  the  northwest  are  broken  by  a  con- 
siderable fault  which  passes  just  west  of  Capitan  and  follows  for  some 
distance  the  valley  of  Magado  Creek,  trending  west  of  south.  The 
downthrow  is  on  the  west,  the  coal  being  brought  to  a  level  with  the 
strata  of  the  underlying  formation.  A  second  fault  was  observed  by 
the  writer  which  parallels  the  first  and  lies  northwest  of  it  but  has  its 
downthrow  on  the  east,  thus  dupUcating  the  outcrop  of  the  coal  beds 
about  2  miles  west  of  Capitan,  where  the  beds  are  opened  in  the  Gray 
mines.  The  fault  just  west  of  Capitan  was  traced  by  Campbell^ 
southwest  to  the  west  side  of  sec.  29,  T.  9  S.,  R.  14  E.,  and  was  also 
observed  by  him  where  it  crosses  Bonito  Creek,  2  miles  east  of  Angus. 
It  may  possibly  be  connected  with  the  great  fault  on  Carrizo  Creek, 
described  below.  The  outcrops  of  the  coal  beds,  which  southwest  of 
Capitan  are  cut  out  by  the  fault,  are  apparently  brought  to  the  sur- 
face again  farther  west  by  faulting,  as  coal  is  reported  in  sec.  36, 
T.  9  S.,  R.  13  E.  This  second  displacement  may  be  a  continuation 
of  that  which  duphcates  the  coal  outcrop  2  miles  west  of  Capitan. 

There  is  a  fault  or  upturn  of  the  strata  agamst  the  igneous  mass  of 
the  mountains  about  one-half  imie  northwest  of  Angus,  on  the  road 
from  Parsons  to  Capitan,  for  coaly  shale,  which  apparently  belongs 
to  the  coal-bearing  formation,  is  exposed  at  this  locality  close  to  the 
contact  of  the  sedimentary  and  igneous  rocks,  and  red  shale,  which 

» Campbell,  M.  R.,  Coal  in  the  vidnlty  of  Fort  Stanton  Reservation.  Lincoln  County,  N.  Hex.:  U.  8. 
Geol.  Survey  BuU .  316,  p.  433, 1907. 
«  Op.  cit. 
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lies  some  distance  stratigraphically  below  the  coal-bearing  formation, 
is  exposed  just  north  of  Angus.  It  is  to  be  regretted  that  time  would 
not  permit  more  detailed  examinations  in  this  locality.  On  Eagle 
Creek^  4  miles  south  of  Angus,  coal-bearing  rocks  are  exposed,  the 
dip  being  in  general  toward  the  mountains. 

On  Carrizo  Creek,  in  sees.  33  and  34,  T.  11  S.,  R.  13  E.,  occur  the 
most  southerly  exposures  of  the  coal-bearing  rocks.  These  are  broken 
in  many  places  by  igneous  dikes.  Along  the  valley  of  Carrizo  Creek 
in  sec.  34  a  great  north-south  fault  throws  the  Dakota  ( ?)  sandstone 
on  the  west  far  below  the  top  of  the  Carboniferous  limestpne  that 
stands  in  a  bold  cliflf  on  the  east  bank  of  the  stream.  It  is  worthy  of 
note  that  the  downthrow  here  is  on  the  west  side  of  the  fault  like 
that  of  the  cast  fault  at  Capitan,  with  which  this  fault  may  possibly 
be  connected.  This  condition  is  in  accord  with  the  fact  that  the  dip 
of  the  strata  along  the  east  side  of  the  range  is  in  general  toward  the 
moimtains.  It  is  the  reverse  of  the  movement  in  the  second  fault 
west  of  Capitan  and  in  that  noted  3  miles  northeast  of  White  Oaks, 
where  east  of  the  synclinal  mountain  the  downthrow  along  the  fault 
line  is  to  the  east. 

South  of  Carrizo  Creek  there  are  no  exposures  oi  the  coal-bearing 
formation,  the  beds  belonging  for  the  most  part  to  the  Carboniferous. 

Across  the  Sierra  Blanca  to  the  west  the  coal-bearing  rocks  out- 
crop in  the  neighborhod  of  Three  Rivers.  In  the  NW.  i  sec.  28, 
T.  1 1  S:,  R.  9i  E.,  the  strike  is  N.  9^  W.,  and  the  dip  14**  E.  Farther 
southeast  the  strike  changes  rather  abruptly  until  it  is  almost  east  and 
west  and  the  dip  is  to  the  north.  Coal  is  reported  in  sec.  20,  T.  11  S., 
R.  10  E.,  and  in  sec.  12,  T.  11  S.,  R.  9^  E.,  which  probably  represents 
the  same  bed  or  one  at  about  the  same  horizon.  Northwest  of  old 
Three  Rivers  post  office  two  flows  or  sills  of  igneous  rock  which  cap  a 
prominent  mesa  show  the  effect  of  folding,  which  has  bent  them  into 
a  shallow  syncline,  pitching  to  the  north.  The  position  of  this  syn- 
cline,  together  with  the  change  in  strike  of  the  beds  in  sec.  28,  T.  11  S., 
R.  9}  E.,  as  noted  above,  suggests  that  the  coal  beds  are  involved  in 
the  structure,  and  that  the  beds  reported  to  outcrop  near  the  moim- 
tains may  be  the  same  as  those  in  sec.  28  and  may  have  been  brought 
to  the  surface  on  the  east  limb  of  the  narrow  syncline.  Their  position 
may,  however,  be  due  entirely  to  faulting. 

North  of  Three  Rivers  the  exposures  were  not  examined  by  the 
writer.  It  appears,  however,  from  Meinzer's  work*  that  fossiliferous 
beds  which  belong  to  the  formation  imderlying  the  coal  outcrop  along 
the  railroad  4  miles  south  of  Oscuro,  the  strike  being  approximately 
north-south  and  the  dip  30*^  E.  If  the  strike  of  N.  9*^  W.,  observed 
on  the  beds  in  sec.  28,  T.  11  S.,  R.  9^  E.,  northeast  of  the  Fall  ranch, 
remained  unchanged  to  the  north,  it  would  carry  them  l^  miles  east 

1  See  note  on  p.  421. 
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of  this  outcrop  near  the  raikoad.     Whether  the  strike  changes  or 
whether  the  outcrop  is  shifted  to  the  west  by  faulting  is  uncertain. 

From  the  above-mentioned  outcrop  on  the  raiboad  the  structure 
appears  to  be  regular  to  a  place  about  1  mile  northeast  of  Oscuro, 
where  a  thin  coal  bed  is  exposed^  the  strike  at  this  locality  \mng 
approximately  north-south  and  the  dip  20*^  E.  Soft  yeUow  sandstone^ 
probably  underlying  the  coal,  is  exposed  along  the  railroad  one-half 
mile  northwest  of  the  coal  outcrop,  and  a  sandstone  bed,  probably 
the  Dakota  ( ?),  occurs  2  miles  farther  west  near  the  ''malpais."  This 
sandstone  ledge  can  apparently  be  traced  for  about  6  miles  and  beds 
of  red  and  yellow  sandstone,  supposedly  of  Morrison  age,  are  exposed 
stratigraphically  below  it  on  the  west.  One  reading  taken  on  the 
Dakota  ( ?)  sandstone  6  miles  north  of  Oscuro  gave  a  dip  of  10**  SE. 

The  same  succession  of  rocks  may  be  recognized  west  of  Carrizozo, 
the  dip  being  to  the  southeast.  Between  Carrizozo  and  Oscuro, 
however,  the  strata  appear  to  have  been  considerably  disturbed  by 
faulting  and  intrusion.  Several  siUs  of  igneous  rock,  which  appear 
to  have  been  originally  intruded  along  bedding  planes,  have  been 
tilted  from  the  horizontal  by  subsequent  earth  movement  and  now 
form  hills  with  escarpments  facing  to  the  northwest.  As  an  example 
may  be  cited  Willow  Hill,  6  miles  south  and  1  mile  west  of  Carrizozo. 
Halfway  down  the  steep  westward-facing  escarpment  of  this  bill  is  an 
outcrop  of  coal  which  is  doubtless  the  same  bed  as  that  exposed  north 
of  Oscuro  or  one  very  nearly  at  the  same  horizon.  To  judge,  how- 
ever, from  the  outcrops  of  the  Dakota  ( ?)  and  higher  beds  of  sand- 
stone which  appear  west  of  the  railroad,  the  coal  outcrop  should  lie 
about  5  or  6  miles  due  west  of  WiQow  Hill.  It  seems  almost  certain 
that  the  bed  at  WiQow  Hill  is  brought  into  its  present  position  by  a 
fault  with  downthrow  to  the  west  which  lies  just  west  of  the  coal  out- 
crop and  trends  a  little  east  of  north.  WiQow  Hill  is  therefore  a  block 
mountain,  its  steep  western  escarpment  being  marked  by  a  fault, 
whereas  the  more  gentle  eastern  slope  corresponds  to  the  surface  of 
the  igneous  sill  which  was  bent  by  earth  movement  subsequent  to  its 
intrusion.  The  two  mountains  south  of  Willow  Hill  appear  to  be  of 
the  same  type.  How  many  more  faults  traverse  the  region  it  is 
impossible  to  say  from  the  meager  data  at  hand. 

Foiu*  miles  west  and  1  mile  north  of  Carrizozo  a  sandstone  ridge 
rises  in  a  series  of  three  islands  above  the  black  surface  of  the  recent 
lava  flow  and  is  continued  to  the  south  beyond  the  lava  area.  This 
sandstone  is  probably  Dakota  ( ?)  and  the  ridge  midway  betweoi  its 
outcrop  and  Carrizozo  is  probably  composed  of  the  formation  that 
underlies  the  coal,  as  limestone  is  here  recorded  by  Meinzer.  This 
outcrop  can  be  traced  northeast  to  the  south  side  of  sec.  6,  T.  7  S., 
K.  11  E.  It  seems  likely  that  north  of  this  place  the  beds  are  broken 
by  a  fault,  which  throws  the  outcrop  3  miles  to  the  west,  near  the  edge 
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of  the  lava  flow,  where  the  stratum  dips  4°  SE.  Memzer  collected 
fossils  at  both  localities  and  the  beds  are  believed  to  be  identical. 
The  Dakota  (?)  is  exposed  1  i  miles  farther  northwest.  The  Dakota  ( ?) 
and  the  fossiliferous  beds  of  the  formation  below  the  coal  are  also 
exposed  on  the  north  and  south  sides  respectively  of  sec.  5,  T.  6  S.,  R. 
11  E.,  but  the  strike  has  here  changed  to  northwest-southeast,  the  dip 
being  25®  SW.  These  outcrops  appear  to  be  close  to  the  point  of  a 
syncline  the  axis  of  which  pitches  to  the  south.  From  sec.  6  the  out- 
crop of  the  Dakota  ( ?)  swings  more  and  more  to  the  south  past  Lone 
and  Baxter  mountains.  One  mile  south  of  the  Baxter  Mountain  the 
beds  examined  by  the  writer  strike  N.  15°  W.  and  dip  10°  SW.  It 
is  worthy  of  note  that  the  dip  is  here  away  from  Baxter  Mountain 
rather  than  toward  it,  the  reverse  of  the  condition  north  of  White 
Oaks  on  the  east  side  of  the  mountain. 

The  structure  of  the  Sierra  Blanca  coal  field  as  a  whole,  as  stated 
at  the  outset,  is  evidently  synclinal;  the  beds  on  either  side  of  the 
moimtain  mass  dip  toward  it  and  are  succeeded  by  older  and  older 
formations  as  distance  from  the  mountains  increases.  Whether  the 
syncline  existed  prior  to  the  formation  of  the  mountains,  which  were 
intruded  along  the  line  of  weakness  of  its  axis,  or  whether  it  had  its 
origin  in  the  earth  movements  which  produced  the  mountains,  or 
whether  it  is  due  to  subsequent  folding  of  the  sedimentary  strata  by 
pressure  against  the  rigid  igneous  mass  is  impossible  to  determine 
from  the  data  at  hand.  The  presence  of  the  end  of  a  syncline  opening 
to  the  south  in  the  area  northwest  of  Baxter  Mountain,  and  a  possibly 
similar  structure  opening  to  the  north  near  Three  Rivers,  together 
with  the  slight  synclinal  structure  exhibited  southeast  of  White  Oaks 
on  the  east  side  of  the  range,  are  suggestive  of  an  upturn  of  the  beds 
adjacent  to  the  intrusion.  This  is  more  apparent  on  Baxter  Moun- 
tain, where  the  crest  and  western  flank  of  the  mountain  are  formed 
of  sedimentary  strata  tilted  to  the  west  apparently  by  the  intrusion 
of  the  igneous  rock  which  forms  the  east  flank  of  the  mountain. 

The  time  of  the  mountain  uplift  is  suggested  by  the  intrusion  by 
dikes  and  sills  of  the  coal-bearing  rocks,  which  are  believed  by 
Knowlton  to  be  of  post-Laramie  age.  This  fixes  the  time  of  the  part 
of  the  earth  movement  from  which  the  intrusions  doubtless  resulted 
as  later  than  the  deposition  of  the  coal-bearing  sediments.  The 
absence  of  any  unconformity,  so  far  as  observed,  in  the  recognized 
Cretaceous  formations,  or  between  them  and  the  coal-bearing  forma- 
tion, would  seem  to  preclude  the  possibility  of  mountain-building 
movements  diuring  the  deposition  of  these  formations.  We  may 
therefore  assume  that  the  formation  of  the  Sierra  Blanca  took 
place  after  the  deposition  of  the  coal-bearing  formation.  This  con- 
clusion is  somewhat  at  variance  with  that  of  Graton,^  who  considered 

>  OfAtan,  L.  C,  The  ore  deposits  of  New  Mexico:  U.  S.  Qeol.  Survey  Prof.  Paper  68,  pp.  168  et  seq.,  1910. 
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the  monzonite  porphyry  of  Nogal  Peak  to  have  been  intruded  in  late 
Cretaceous  time.  It  is  probable,  however,  that  in  making  this  state- 
ment he  regarded  the  coal-bearing  rocks  as  undoubtedly  Cretaceov 
in  age. 

THE  COAIi. 

WHITE  OAKS  DISTBIOT. 

The  coal-bearing  area  at  White  Oaks  is  very  small.  It  is  cut  off 
from  all  other  areas  of  the  coal-bearing  rocks  by  igneous  intrusions 
on  the  northwest,  southwest,  and  southeast  and  is  bounded  on  the 
northeast  by  areas  of  barren  rock  below  the  coal.  It  is  impossible 
to  trace  the  coal  beds  for  any  considerable  distance  across  the  fidd 
because  of  the  deep  cover  of  gravel  which  overlies  most  of  the  area. 
The  coal  has  been  prospected  in  many  places  and  the  beds  can  be  seen 
only  at  these  prospects  and  at  a  few  natural  outcrops  in  the  beds  of 
dry  gulches.  As  the  coal  beds  themselves  differ  greatly  in  thickness 
from  place  to  place,  correlation  can  be  made  only  by  means  of  the 
associated  rocks  and  by  comparison  of  the  stratigraphic  distances 
between  the  beds.    Such  correlation  is  necessarily  unsatisfactory. 

So  far  as  known  the  highest  bed  exposed  in  the  field  is  near  the 
township  line  in  the  SW.  J  SW.  }  sec.  32.  (See  PI.  XXVI.)  The 
coal  lies  in  two  benches  that  are  separated  by  12  inches  of  shale,  the 
upper  bench  measuring  9f  inches  and  the  lower  26  inches,  includkig  a 
3-inch  bone  parting  2  J  inches  from  the  top.  At  a  distance  of  249  feet 
stratigraphically  below  this  bed  Ues  the  coal  worked  at  the  Wild  Cat 
mine,  the  section  of  which  is  as  follows: 

Section  of  coal  bed  at  the  Wild  Cat  mine.^ 
Shale.  Ft.    In. 

Coal 6 

Bone 2 

Shale,  dark 1      6 

Bone 3j 

Coal 


Bone 

Coal 

Coal,  impure 


Mined 


81 

li 
11 

1 


Shale,  black 2      6 

Coal 8 


The  bed  mined  is  indicated  by  the  brace  in  the  section^  and  this 
part  was  sampled  at  the  place  where  the  section  was  measured.  The 
analysis  is  given  as  No .  1 5054  on  page  451 .  In  the  north  entries  of  th« 
mine  the  bed  is  only  12  or  14  inches  thick.     The  mine  is  a  slope  run 

1  This  section  was  measured  in  the  west  entry  near  the  main  slope.    The  seotion  giren  on  FL  XXVI 
was  measured  at  the  top  of  the  slope. 
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on  the  dip  of  the  bed  and  side  entries  driven  from  it,  the  rooms  being 
driven  up  the  rise  from  the  entries.  The  coal  cars  are  brought  to 
the  surface  by  a  hoisting  engine  and  the  coal  is  used  in  the  produc- 
tion of  electric  power  for  the  Homestake  gold  properties  west  of 
White  Oaks,  which  are  operated  by  the  Wild  Cat  Co.  A  few  rods 
north  of  the  Wild  Cat  mine  is  a  second  opening  made  by  the  same 
company  on  a  bed  which  appears  to  be  the  same  as  that  just  described, 
though  it  is  only  12  inches  thick.  There  has  been  considerable  slip- 
ping along  the  bedding  planes  of  the  strata  in  this  locality  and  it 
may  be  that  the  difference  in  the  thickness  of  the  coal  is  due  entirely 
to  this  cause.  At  a  point  300  feet  northwest  of  the  north  opening 
the  company  drilled  a  test  hole  in  1912  to  the  depth  of  134J  feet, 
A  record  of  this  test  has  been  furnished  through  the  courtesy  of  the 
company  and  is  given  below.  Coal  was  foimd  at  the  following 
depths : 

At  61  feet:  14  inches  of  coal,  doubtless  representing  the  bed  opened  at  the 

WUd  Cat  mine.' 
At  67^  feet:  6  inches  of  coal. 
At  75  feet:  2  inches  of  coal. 
At  92  feet:  18  inches  of  coal. 
At  94  feet:  4  inches  of  coal. 
At  128  feet:  10  inches  of  coal. 

At  a  distance  of  376  feet  stratigraphically  below  the  coal  bed  of 
the  Wild  Cat  mine  lies  a  bed  22  inches  thick  which  is  exposed  in  the 
NE.  }  NW.  i  sec.  5,  T.  7  S.,  R.  13  E.  Twenty-four  feet  below  it 
fossil  collection  8073,  comprising  marine  Cretaceous  invertebrates, 
was  obtained.  The  coal  bed  appears  to  occupy  the  same  position 
with  reference  to  the  imderlying  Cretaceous  sandstones  as  the  bed 
20  inches  thick  exposed  in  the  SW.  i  NE.  J  sec.  31,  and  is  probably 
to  be  correlated  with  it.  The  thin  beds  about  one-fourth  mile  north- 
east of  the  Wild  Cat  mine  are  probably  to  be  correlated  as  shown 
on  Plate  XXVI. 

Near  the  middle  of  the  NW.  }  sec.  6,  T.  7  S.,  R.  13  E.,  is  the  open- 
ing of  the  abandoned  mine,  Old  Abe  No.  1.  The  coal  here  measures 
46  inches  in  thickness  and  has  a  thin  streak  of  bone  2  inches  from  its 
top.  The  bed  is  overlain  by  sandstone  and  32  feet  above  the  coal 
lies  a  second  bed  12}  inches  in  thickness  and  15  feet  above  that  a 
third  bed  9  inches  thick.  The  strike  of  the  bed  in  the  Old  Abe  mine 
is  approximately  north-south,  and  corresponds  with  the  strike  at 
the  Wild  Cat  mine.  If  there  is  no  fault  between  the  two  mines  the 
Old  Abe  bed  lies  considerably  below  the  Wild  Cat  bed,  and  it  seems 
not  improbable  from  a  comparison  of  the  sections  that  the  9-inch 
bed  47  feet  above  the  Old  Abe  bed  is  to  be  correlated  with  the 

1  ThJb  reoord  makes  note  of  several  small  beds  which  were  not  observed  in  soriaoe  outorops  and  is  proba- 
bly more  aooorate  than  sections  6, 7,  and  8  on  PL  XXVI,  which  were  compiled  lh>m  sorfaoe  obaervations. 
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lO-inch  bed  65  feet  below  the  Wild  Cat  bed.  It  se&ms  strange,  W 
ever,  if  these  beds  are  really  the  same,  that  the  thick  bed  exposed  A 
the  Old  Abe  mine  does  not  appear  in  some  of  the  gulches  whidi  col 
the  strata  northeast  of  the  Wild  Cat  mine.  Whether  the  bed  k 
thinner  in  this  localitj  or  is  merely  concealed  by  the  oveil]^ 
gravel,  or  whether  a  fault  actually  exists  between  the  two  mines,  h 
is  impossible  to  say.  Just  south  of  the  Old  Abe  No.  1  mine  a  fioh 
trending  in  a  northeast  direction  with  downthrow  to  the  southeist 
shifts  the  coal  outcrop  400  feet  to  the  east.  Five  hundred  feit 
south  of  the  fault  the  bed  is  opened  in  the  present  workings  of  the 
company,  Old  Abe  No.  2.  A  slope  is  run  on  the  dip  of  the  bed,  wfaidi 
is  here  about  20%  and  side  entries  driven  from  it,  the  rooms  bebg 
driven  up  the  rise  from  the  entries  and  the  coal  cars  hoisted  to  the 
surface  by  a  whim.  The  coal  is  used  in  White  Oaks  and  vicinity. 
A  section  of  the  coal  bed  in  this  mine  is  as  follows: 

Section  of  coal  bed  at  the  Old  Abe  No,  t  mne. 

Sandstone.                                                                                              yt.  fa. 

Coal 2 

Bone. .'. 1 

Coal 1  \ 

Bone \ 

Coal lOf 

Bone \ 

Coal 4 

Coal,  tough 1 

Coal 1  4 

Shale.  

4  i 

A  sample  of  the  entire  bed  was  here  taken  and  the  analysis  is  given 
as  No.  15053  on  page  451.  The  Old  Abe  bed  may  be  traced  one- 
fourth  mile  south  of  the  mine,  but  farther  south  for  one-third  mile 
there  are  no  exposures. 

Coal  is  exposed  on  the  road  in  the  NW.  \  SE.  \  sec.  5,  where  a  bed 
32  inches  thick  is  overlain  by  a  30-foot  bed  of  sandstone.  The  strike 
of  this  coal  bed  would  carry  it  above  the  bed  exposed  at  the  aban- 
doned WiUiams  mine  600  feet  farther  southeast,  and  the  Williams  bed 
is  above  another  bed  26  inches  thick,  which  is  exposed  on  the  road 
375  feet  east  of  the  WilUams  mine.  There  are,  therefore,  three  beds, 
measuring  32,  30,  and  26  inches,  exposed  at  this  locality,  which  may 
represent  the  three  principal  beds  that  appear  to  be  present  fartho* 
north,  in  the  vicinity  of  the  Old  Abe  and  Wild  Cat  mines.  The 
stratigraphic  distance,  however,  between  the  two  upper  beds  appears 
to  bo  only  about  70  feet,  whereas  that  between  the  Wild  Cat  and  the 
principal  bed  above  it  is  almost  250  feet.  There  is  a  possibility  that 
the  structure  may  be  complicated  by  faults  which  are  not  apparent 
at  the  surface  and  that  the  stratigraphic  distances,  as  computed  from 
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^-  surface  measurements,  may  not  represent  the  true  distances  between 
'  ihe  beds.  The  coal  at  the  abandoned  Wells  &  Parker  mine  is  sepa- 
^  rated  from  the  exposures  near  the  Williams  mine  by  an  intrusive  siU 
c  or  dike  and  its  correlation  with  the  coal  at  the  Williams  mine  is  there- 
.'  fore  imcertain.  No  thick  beds  are  exposed  south  of  this  point  and 
f  north  of  the  divide,  though  some  thin  streaks  of  coal  appear  in  the 
pass  which  lies  between  the  two  moimtains  to  the  south. 

Half  a  mile  north  of  the  Wild  Cat  mine  the  strike  of  the  coimtry 
rock  changes  from  north-south  to  N.  62 ^^  W.,  and  the  sandstone  bed 
which  forms  a  prominent  escarpment  in  the  NE.  J  NW.  i  sec.  32  out- 
crops in  the  NW.  J  NE.  i  of  the  same  section  with  a  marked  change  in 
strike.  As  stated  previously  it  is  evident  that  a  fault  exists  some- 
where along  the  bottom  of  a  valley  which  enters  the  main  valley  from 
the  northeast.  The  downthrow  of  this  fault  is  on  the  southeast  side. 
Northwest  of  this  fault  coal  is  exposed  at  only  three  locaUties.  The 
first  locality  is  in  the  SW.  J  NE.  J. sec.  31,  where  a  bed  20  inches 
thick  appears  in  the  bottom  of  a  dry  gulch.  About  one-third  mile 
south  of  this  locality  a  shaft  30  feet  deep  has  been  simk  by  Mr.  Price 
in  the  same  gulch.  A  coal  bed  was  penetrated  which  measures  14 
inches  in  thickness  at  the  shaft  but  which  differs,  greatly  from  place 
to  place  along  the  short  entries  run  from  the  base  of  the  shaft.  It 
is  doubtful  whether  this  bed  is  workable.  A  third  prospect,  which 
is  separated  by  an  intrusive  dike  from  the  bed  just  described,  was 
formerly  opened  in  the  NE.  {  SW.  i  sec.  31  but  is  now  so  concealed 
by  the  caving  of  the  overlying  rocks  that  a  measurement  of  the  coal 
can  not  be  obtained.  It  is  reported  that  in  one  of  the  weUs  on  the 
south  side  of  the  creek  in  the  town  of  White  Oaks  a  bed  of  coal  6  or 
6  inches  thick  was  encoimtered.  One-half  mile  north  of  the  town,  on 
the  west  side  of  an  intrusive  dike,  a  bed  of  carbonaceous  shale  has 
been  prospected  and  a  third  of  a  nule  farther  to  the  north  several 
beds  of  the  same  material  outcrop  on  the  north  side  of  the  creek. 
No  coal  as  much  as  14  inches  thick  was  foimd.  The  area  of  the  coal- 
bearing  rocks  in  tlus  locality  is  very  small,  for  in  the  NE.  {  NE.  {  sec. 
26,  T.  6  S.,  R.  11  E.,  dark-blue  limestone,  believed  to  be  that  near 
the  base  of  the  shale  of  Benton  age,  is  exposed.  There  is  evidently 
a  fault  between  this  exposure  and  the  coal-bearing  rocks  east  of  it, 
the  downthrow  being  to  the  east.  A  sandstone  bed  bearing  plant 
impressions,  which  probably  is  the  Dakota  (?)  sandstone,  outcrops 
a  little  southwest  of  the  exposure  of  the  dark-blue  limestone. 
This  exposure  must  be  separated  by  a  fault  from  the  exposure  of  the 
limestone  just  mentioned,  as  normally  the  Dakota  (?)  sandstone 
occurs  below  the  limestone  of  Benton  age.  All  sedimentary  rocks 
are  cut  off  a  little  west  of  the  Dakota  ( ?)  outcrop  by  the  intrusive 
mass  that  forms  tho  east  flank  of  Baxter  Mountain,  but  the  Dakota  ( ?) 
sandstone  again  appears  at  the  surface  in  sec.  35,  T.  6  S.,  R.  1 1 E.,  where 
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its  Strike  is  N.  15**  W.  and  its  dip  10°  W.  From  this  place  theDi'| 
kota  ( t)  sandstone  swings  to  the  northwest,  west,  and  south,  oatliDii(l 
a  synclinal  basin  situated  east  of  the  great  lava  flow  that  lies  west  fl(| 
Carrizozo.  This  syncline  may  contain  near  its  middle  a  small  arMotI 
coal  land. 

On  the  east  flank  of  a  synclinal  mountain,  3}  miles  northeast  d 
White  Oaks,  two  beds  of  coal  have  been  mined  in  a  small  way.  Tie 
lower  is  16  J  inches  and  the  upper  17i  inches  thick,  and  the  two  bedi 
are  115  feet  apart  stratigraphically.  A  few  rods  west  of  the  opening oi 
the  mine  there  appears  to  be  a  north-south  fault  having  an  upthrov 
on  the  west  which  brings  the  rocks  tmderlying  the  coal  to  the  sur- 
face. It  is  reported  also  that  at  the  top  of  the  synclinal  monntaiB 
which  lies  west  of  the  fault  there  are  outcrops  of  coal,  but  thk  arei 
was  not  examined  in  detail.  No  coal  is  reported  in  the  general 
region  north  of  this  locahty. 

COAL  BBDS  OF  THE  RKMATNDBB  OF  THE  SIBPAA  BI«AKGA  VIXIJ). 

The  following  notes  were  made  during  a  rapid  reconnaissance  of 
the  entire  coal  field,  no  attempt  being  made  to  trace  coal  beds  irooL 
one  locahty  to  another.  It  is  practically  certain,  however,  that  the 
beds  described  are  all  members  of  the  coal  group  in  the  coal-besriog 
formation  described  on  pages  10-12. 

In  the  Tucson  Mountains,  4  nules  southeast  of  the  pass  between 
Patos  Mountain  and  Carrizo  Peak,  two  beds  of  coal  are  exposed  in 
the  SE.  }  SW.  }  sec.  26,  T.  7  S.,  R.  13  E.  Thoy  dip  19^  to  the  north- 
west and  strike  N".  25°  E.     The  section  of  the  beds  is  as  follows: 

Section  of  coal  beds  in  the  SE.  i  SW.  \  sec.  t6,  T.7S.,  R.  IS  E. 

Shale.                                                                                                      Ft.  in. 

Coal 3  6 

Shale,  covered 42 

Coal 2 

Bone 5 

Coal,  reported 11 

Sandstone,  ehaly.  

48  10 

These  two  coal  beds  outcrop  well  up  on  the  side  of  the  Tucson 
Mountains.  As  the  core  of  the  mountains  is  apparently  igneous 
rock,  the  coal  area  is  cut  off  by  it  on  the  northwest. 

The  mines  at  Capitan  lie  about  8  miles  southeast  of  the  Tucson 
Mountains.  The  fact  that  two  coal  beds  are  exposed  at  each  place 
suggests  that  they  are  probably  to  be  correlated  with  each  other, 
although  the  beds  were  not  traced  through  the  intervening  area. 

The  mines  known  as  Capitan  Nos.  1  and  2  were  opened  on  the 
thicker  of  the  two  beds.  Both  mines  are  now  abandoned,  but  a 
section  of  the  coal  bed  was  measured  near  the  mouth  of  mine  No.  2. 
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Section  of  coal  bed  at  the  Capitan  No.  1  mine. 


• 


Sandstone,  white.  Ft.   in. 

Shale,  carbonaceous 2 

Coal 10 

Sandstone,  white 3 

Coal 9 

Sandstone | 

Coal '. 1  9 


3      9| 

In  the  report  of  the  coal-mine  inspector  for  1899  the  thickness  of 
this  bed,  called  the  Akers,  is  given  as  3^  to  6  feet  and  that  of  the 
bed  known  as  the  Ayers  as  2^  to  3^  feet.  (See  p.  421.)  Campbell  * 
also  gives  the  thickness  of  the  bed  at  mine  No.  2  as  greater  than  that 
recorded  in  the  section  here  given.  The  two  beds  have  been  opened 
in  mines  and  prospects  for  about  3  miles  along  their  outcrop,  which 
lies  on  the  west  side  of  a  considerable  fault.  This  fault*  passes 
about  half  a  mile  west  of  the  village  of  Capitan  in  a  nearly  north- 
south  direction,  turns  a  little  to  the  west  up  the  valley  of  Magado 
Greek,  and  then  south,  crossing  the  west  side  of  sec.  29,  T.  9  S., 
R.  14  E.  The  downthrow  is  to  the  west,  the  coal  beds  being  brought 
down  to  a  level  with  the  underlying  formation,  which  forms  an 
escarpment  southeast  of  them,  about  one-half  mile  southwest  of 
Capitan. 

A  second  fault,  parallel  to  the  first  and  about  1  mile  northwest  of 
it,  brings  the  coal  outcrop  to  the  surface  about  3  miles  west  of  Capi- 
tan, where  it  was  opened  in  1885  in  one  of  the  first  mines  of  the 
region  to  supply  coal  for  Fort  Stanton.  The  activity  of  the  mine 
was  apparently  of  short  duration.  In  1901  a  slope  known  as  the 
Linderman  mine  was  opened  near  the  site  of  the  former  mine,  but 
was  soon  abandoned  because  of  the  faults  and  the  irregularity  of 
the  coal  bed.  From  the  arrangement  of  the  old  openings  which 
may  still  be  seen  it  is  probable  that  both  beds  of  coel  exposed  near 
Capitan  are  here  present  and  were  prospected. 

S.  T.  Gray,  of  Capitan,  is  now  operating  a  mine  northeast  of  the 
old  openings. 

In  1899  the  large  mines  at  Capitan  were  opened  by  the  New 
Mexico  Fuel  Co.  They  reached  their  greatest  production,  169,440 
tons,  in  1901,  after  which  year  the  output  steadily  decreased  until 
1905,  when  the  mines  were  practically  abandoned.  It  is  reported 
that  many  intrusive  dikes  were  encotmtered  in  the  mines  and  that 
because  of  the  difficulty  of  mining  the  coal  could  not  compete  with 
that  from  the  mines  at  Dawson  in  Colfax  County.* 

t  Campbell,  M.  B.,  Coal  in  the  vicinity  of  Fort  Stanton  Reservation,  Lincoln  County,  N.  Hex.:  U.  S. 
Geol.  Survey  Bull.  816,  pp.  431-434, 1907. 
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On  Eagle  Creek,  in  the  SW.  i  sec.  36,  T.  10  S.,  R.  13  E.,  a  thin 
bed  of  coal  is  said  to  outcrop,  but  it  was  not  seen  by  the  writer. 

Above  Charles  Wingfield's  ranch  on  the  Rio  Ruidoso,  in  the 
NE.  i  NW.  i  sec.  28,  T.  11  S.,  R.  13  E.,  8  feet  of  carbonaceous  shale 
containing  a  thin  seam  of  coal  outcrops  and  has  been  prospected. 
The  shale  is  overlain  by  a  bed  of  sandstone  which  ranges  from  4  to 
8  feet  in  thickness.  In  the  SW.  {  NE.  {  of  the  same  section  3  feet 
10  inches  of  coal  was  reported  in  a  well  at  a  depth  of  180  feet. 

On  a  branch  of  Carrizo  Creek  in  the  NW.  i  NW.  i  sec.  34,  T.  11  S., 
R.  13  E.,  a  bed  of  coal  outcrops  on  a  claim  belonging  to  Paul  Herman 
and  has  been  prospected  in  a  slope.  The  bed  dips  13®  NW.  and  strikes 
N.  65®  E.    A  section  measured  at  this  locality  is  as  follows: 

Section  on  Paul  Herman's  coal  daim  in  the  NW.  }  NW.  }  sec.  S4y  T.  11  S.,  R.  IS  K 

Ft.      in. 

Sandstone,  white 15 

Shale 20 

Coal 3 

Sandstone,  partly  covered,  green  and  white 20d: 

Shale 3=fc 

Coal IJ 

Bone } 

Coal;  opened  in  slope 2        7 

Shale,  black,  carbonaceous 2 

Shale,  gray 3d= 

Sandstone 6 

Shale,  gray 3 

Shale,  black 1 

Shale,  gray 2 

Coal 3 

Shale,  black. 

Near  the  base  of  this  section  is  a  peculiar  shale  conglomerate  in 
sandstone  matrix  similar  to  that  observed  above  one  of  the  coal 
beds  prospected  near  Capitan. 

The  coal  bed  given  in  the  above  section  as  2  feet  7  inches  thick  is 
decidedly  irregular.  Another  measurement,  taken  only  10  feet 
from  the  first,  gives  a  thickness  of  3  feet  3  inches.  At  the  mouth 
of  the  prospect  slope  the  coal  bed  is  overlain  by  a  basic  intrusive 
rock,  which  sends  a  "stringer"  6  to  10  inches  in  width  down  into 
the  coal.  The  strata  in  the  vicinity  seem  to  be  much  broken  by 
intrusive  dikes.  In  the  next  canyon  south  of  the  Herman  pros- 
pect the  Dakota  ( ?)  sandstone,  the  overlying  shale  of  Benton  age, 
and  the  fossiliferous  beds  between  the  Dakota  (?)  and  the  coal- 
bearing  formation  are  exposed.  On  the  west  these  beds  are  cut  oflF 
by  an  igneous  dike  intruded  along  a  fault  plane;  the  downthrow 
in  this  locality  is  on  the  east,  for  the  same  beds  outcrop  at  a  higher 
elevation  on  the  west  of  the  dike. 


^  SIBBBA  BLAHOA  GOAL  FIBLD,  K.  MEX.  449 

Coal  is  exposed  and  has  been  prospected  on  the  S.  M.  Johnson  coal 
:  claim  in  the  SE.  J  sec.  33,  T.  11  S.,  R.  13  E.,  but  an  exact  measure- 
E  ment  of  the  bed  at  this  place  was  not  obtained. 
i  No  coal  is  known  south  of  Cariizo  Creek,  that  region  being  occu- 
!  pied  for  the  most  part  by  rocks  of  Carboniferous  age. 
5  On  the  west  side  of  the  range,  east  of  the  Fall  ranch,  in  the  NW.  i 
f  aec.  28,  T.  11  S.,  R.  9^  E.,  several  thin  coal  beds  are  exposed,  the 
^  section  being  as  follows: 

^    Section  showing  coal  beds  near  the  Fall  ranch,  in  the  NW,  \  sec,  f8,  T,  11  S.,  R.  9}  E. 

Ft    In. 
Coal 5 

"=               Sandstone 15d= 

Covered 35 

Sandstone lOd: 

Coal 1      2 

Shale 1 

Coal 9 

Shale 1      4 

Coal 4 

Shale. 

The  dip  of  the  beds  at  the  locality  of  this  section  is  14^  E.  and  the 
strike  S.  11  ®  E.  This  strike  changes  abruptly,  for  in  the  SW.  }  sec. 
22,  one-half  mile  northeast  of  this  locality,  the  dip  is  24^  N.  and  the 
strike  S.  SO"*  E. 

Whether  the  coal  beds  reported  in  sec.  12,  T.  11  S.,  R.  9^  E.,  and 
in  sec.  20,  T.  11  S.,  R.  10  E.,  were  brought  to  their  present  position 
by  folding  or  faulting  it  is  impossible  to  say  without  more  detailed 
study. 

The  coal  reported  in  sec.  16,  T.  11  S.,  R.  9i  E.,  is  probably  the 
same  bed  as  that  which  outcrops  in  sec.  28  of  the  same  township. 
Coal  is  reported  by  Meinzer  and  also  by  Jones  *  IJ  miles  north  of 
Oscuro,  on  the  west  slope  of  Milagro  Hill.  Jones  gives  the  thickness 
as  14  inches.    The  bed  has  been  prospected  by  a  slope. 

Coal  ia  reported  in  a  drill  record  at  Carrizozo  at  depths  of  115,  220, 
and  300  feet.  From  the  outcrop  of  the  f ossilif erous  beds  west  of 
Carrizozo  the  coal  outcrop  of  the  overlying  formation  should  lie 
about  1  mile  west  of  the  town.  A  mile  west  of  Carrizozo  and  6  miles 
to  the  south  a  bed  has  been  prospected  on  the  west  side  of  Willow 
Sll  and  in  the  t'alley  southeast  of  it.  This  bed  dips  eastward  toward 
the  intrusive  core  of  the  hill  and  as  it  probably  presents  one  of  the 
beds  found  at  Caxrizosso  it  is  probable  that  a  fault  exists  a  little  west 
of  the  coal  outcrop.  This  fault,  like  that  noted  on  the  east  side 
of  the  Sierra  Blanoa,  would  hav^  its  downthrow  on  the  west.    Nortii- 

1  Jones,  F.  ▲.,  New  Kezloo  miats  and  mlnerab,  p.  lOS,  1004. 
See'—BulL  541—14—29 
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east  of  Carrizozo  a  narrow  synclinal  basin,  which  probably  conub 
coal,  lies  between  the  outcrop  of  the  Dakota  (?)  sandstone, 
dips  to  the  west  on  the  west  side  of  Baxter  Moxintain,  and  tlie 
crop  of  the  formation  underlying  the  coal,  which  dips  to  the  east  «l 
the  east  side  of  the  ' '  malpais. ' '     The  probable  extent  of  the  coal  in  tli| 
basin  is  indicated  on  the  map,  its  outcrop  being  drawn  by  infemMJ 
from  that  of  the  underlying  beds.    The  coal  beds  are  brokaib' 
intrusions  in  sec.  21,  T.  7  S.,  R.  11  E.,  and  doubtless  at  other  plans, 
and  it  seems  probable  that  the  fault  mentioned  on  page  440  also  affecl^ 
them.     The  quaUty  and  thickness  of  the  coal  beds  in  this  area  cia 
only  be  ascertained  by  drilling,  as  there  are  no  surface  outcrops. 

COAL  ANALYSES. 

The  following  table  gives  analyses  of  two  samples  of  coal  from  the 
White  Oaks  field.  Sections  of  the  beds  from  which  these  sampte 
were  taken  are  given  on  pages  442,  444,  under  the  description  of  the 
coal  beds  from  which  the  samples  were  obtained. 

In  the  tables  the  analyses  are  given  in  four  forms,  marked  A,  B, 
C,  and  D.  Analysis  A  represents  the  composition  of  the  sample  as 
it  comes  from  the  mine.  This  form  is  not  well  suited  for  compaiisoiL 
because  the  amount  of  moist\u:e  in  the  sample  as  it  comes  from  the 
mine  is  largely  a  matter  of  accident  and  consequently  analyses  of  the 
same  coal  expressed  in  this  form  may  vary  widely.  Analysis  B 
represents  the  sample  after  it  has  been  dried  at  a  temperature  a 
little  above  the  normal  until  its  weight  becomes  constant.  This 
form  of  analysis  is  best  adapted  for  general  comparison.  Analysis 
C  represents  the  theoretical  condition  of  the  coal  after  all  the  moisture 
has  been  eUminated.  Analysis  D  represents  the  coal  after  all  mois- 
ture and  ash  have  been  theoretically  removed.  This  is  supposed  to 
represent  the  true  coal  substance,  free  from  the  most  significant 
impurities.  Forms  C  and  D,  which  are  obtained  from  the  others  by 
recalculation,  represent  theoretical  conditions  that  do  not  exist. 

In  the  analytical  work  it  is  not  possible  to  determine  the  proximate 
constituents  of  coal  or  hgnite  with  the  same  degree  of  accuracy  as 
the  ultimate  constituents.  Therefore  the  air-drying  loss,  moisture, 
volatile  matter,  fixed  carbon,  and  ash  are  given  to  one  decimal  place 
only,  whereas  the  ash  (in  the  xdtimate  analysis),  sulphur,  hydrogen, 
carbon,  nitrogen,  and  oxygen  are  given  to  two  decimal  places.  The 
determination  of  the  calorific  value  to  individual  units  is  not  reliable, 
hence  in  the  column  headed  "  Calories '*  the  heat  values  are. given  to 
the  nearest  five  units,  and  in  the  column  headed  "British  thermal 
units"  they  are  given  to  the  nearest  tens,  as  the  value  of  a  British 
thermal  unit  is  about  one-half  that  of  a  calorie. 


U.  8.  QEOLOfilCAL  aURVEY 


BULLETIN  641     PLATE  XXVII 


section  of 
coal    fitld 


'I  I 


•  /  X 


*•  \ 


I   I 


/  * 


»  ^     ^     •■   ■    ^A 


\  /    -/ 


\  ', 


»  -  I    I 


»  _ «. 


•c%  I 


—  *" 


#  *  t  ./ 


I   V 


.4=: 


-•;vj 


•?•  a. 


••  •  • 


►1»* 


?: 


fi 

•  ■ 


i; 


-^• 


LlUlHancl} 


/♦•^ 


! 


■:i 


I:   S 


,«*t 


LEOCND 

Coal  outcrop;  lin«   dottvd 
whort  outcrop  io  Inforred 
Z70/^  «/MM<  dir§cffon    in 
which    cm/  //M 


9(     Coal    mina,  abandonod 


Local  mirto 


0 


Pro«ptat 


Racant    lava    flowr 


UndifY^rantiatad 
ignaous    rocka. 


D/U 


Fault,  ahowrin^    upth 
and    downthrow  (D) 


y     StrJKa 


and   dip 


(U) 


•  Mll«« 


N.    MEX. 


450        CONTBEBUTIONS  TO  ECONOMIC  GEOLOGY,  1912,  PABT  H, 

east  of  Carrizozo  a  narrow  synclinal  basin,  which  probably  contains 
coal,  lies  between  the  outcrop  of  the  Dakota  (?)  sandstone,  which 
dips  to  the  west  on  the  west  side  of  Baxter  Mountain,  and  the  out- 
crop of  the  formation  underlying  the  coal,  which  dips  to  the  east  on 
the  east  side  of  the  '^malpais."  The  probable  extent  of  the  coal  in  this 
basin  is  indicated  on  the  map,  its  outcrop  being  drawn  by  inference 
from  that  of  the  tmderlying  beds.  The  coal  beds  are  broken  by 
intrusions  in  sec.  21,  T.  7  S.,  R.  11  E.,  and  doubtless  at  other  places, 
and  it  seems  probable  that  the  fault  mentioned  on  page  440  also  affects 
them.  The  quality  and  thickness  of  the  coal  beds  in  this  area  can 
only  be  ascertained  by  drilling,  as  there  are  no  surface  outcrops. 

COAL  ANALYSES. 

The  following  table  gives  analyses  of  two  samples  of  coal  from  the 
White  Oaks  field.  Sections  of  the  beds  from  which  these  samples 
were  taken  are  given  on  pages  442,  444,  under  the  description  of  the 
coal  beds  from  which  the  samples  were  obtained. 

In  the  tables  the  analyses  are  given  in  four  forms,  marked  A,  B, 
C,  and  D.  Analysis  A  represents  the  composition  of  the  sample  as 
it  comes  from  the  mine.  This  form  is  not  well  suited  for  comparison, 
because  the  amoimt  of  moistiu'e  in  the  sample  as  it  comes  from  the 
mine  is  largely  a  matter  of  accident  and  consequently  analyses  of  the 
same  coal  expressed  in  this  form  may  vary  widely.  Analysis  B 
represents  the  sample  after  it  has  been  dried  at  a  temperature  a 
little  above  the  normal  imtU  its  weight  becomes  constant.  This 
form  of  analysis  is  best  adapted  for  general  comparison.  Analysis 
C  represents  the  theoretical  condition  of  the  coal  after  all  the  moisture 
has  been  eliminated.  Analysis  D  represents  the  coal  after  all  mois- 
ture and  ash  have  been  theoretically  removed.  This  is  supposed  to 
represent  the  true  coal  substance,  free  from  the  most  significant 
impurities.  Forms  C  and  D,  which  are  obtained  from  the  others  by 
recalculation,  represent  theoretical  conditions  that  do  not  exist. 

In  the  analytical  work  it  is  not  possible  to  determine  the  proximate 
constituents  of  coal  or  lignite  with  the  same  degree  of  accuracy  as 
the  ultimate  constituents.  Therefore  the  air-drying  loss,  moisture, 
volatile  matter,  fixed  carbon,  and  ash  are  given  to  one  decimal  place 
only,  whereas  the  ash  (in  the  ultimate  analysis),  sulphiu*,  hydrogen, 
carbon,  nitrogen,  and  oxygen  are  given  to  two  decimal  places.  The 
determination  of  the  calorific  value  to  individual  imits  is  not  reliable, 
hence  in  the  column  headed  "Calories'*  the  heat  values  are.given  to 
the  nearest  five  imits,  and  in  the  column  headed  "British  thermal 
units"  they  are  given  to  the  nearest  tens,  as  the  value  of  a  British 
thermal  unit  is  about  one-half  that  of  a  calorie. 
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The  White  Oaks  coal  does  not  "slack"  or  crumble  on  exposure 
^d  hence  is  above  subbituminous  in  grade,  and  its  calorific  value 
i  a  little  over  12,000  British  thermal  units  on  an  air-dried  sample 
Ibces  it  in  the  class  of  bitumiuouB  coal.  As  will  be  seen  from  the 
kble  of  comparisons  given  above,  it  compares  well  with  the  Daw- 
itn  coal  but  is  inferior  in  heating  value  to  the  coal  from  Raton.  It 
ibetter  coal  than  that  from  Gainesville,  Mo.,  but  is  inferior  to  some 
■  the  Oklahoma  coal.  It  is  low  in  sulphur  but  high  in  ash  and  in 
Itygen,  both  of  which  reduce  its  heating  value. ^  A  general  idea  of 
it  heating  value  in  comparison  with  that  of  the  semibituminous  coal 
p  the  East  may  be  obtained  from  the  analysis  of  the  Pocahontas 
mI  given  in  the  above  table. 

DZFFICTTIiTIES  OP  MIKDfO. 

^Die  principal  drawbacks  to  mining  in  the  Sierra  Blanca  coal  basin 
|n  the  mtemiption  of  the  coal  beds  by  intrusive  dikes  of  igneous 
'  f  the  presraice  of  uumeroua  faults,  and  the  thinning  of  the  beds 
y  places  owing  to  movement  along  bedding  planes. 

-■WUKIIMa,Tlw«amoIoxnfDliioa«l:  U.  B.  tM.  Burwy  Boll,  n^  ItCS. 
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Intrusive  dikes  encountered  in  mining  are  difficult  to  penetrate; 
they  may  be  many  feet  in  thickness  and  the  coal  bed  which  they  inter- 
rupt may  have  undergone  movement  along  the  plane  of  the  intru- 
sion, so  that  the  coal  on  one  side  of  the  dike  may  not  be  directly 
opposite  that  on  the  other. 

Some  intrusions  are  said  to  have  injured  the  coal  adjacent  to 
them.  C.  A.  Fisher  mentions  an  example  in  the  Capitan  mines  of 
the  alteration  of  the  coal  adjacent  to  an  igneous  intrusive  to  ''a 
so-called  coke  or  slag,  which  is  noncombustible."  ^ 

In  the  present  examination  the  writer  did  not  observe  this  phe- 
nomenon. At  one  of  the  prospects  near  Carrizo  Creek  a  bed  of  coal 
is  cut  by  a  small  intrusive  dike  about  12  inches  wide,  but  no  altera- 
tion of  the  coal  adjacent  to  the  dike  seemed  to  have  occurred.  At  the 
Wells  &  Parker  coal  mine,  southeast  of  White  Oaks,  the  presence  of 
the  igneous  sill  does  not  appear  to  have  materially  affected  the  coal 
4  feet  below  it. 

The  location  of  intrusive  dikes  may  often  be  detected,  even  on  a 
soil  or  gravel  covered  surface,  by  the  presence  of  igneous  bowlders 
and  pebbles  which  weather  out  of  the  imderlying  rock.  The  occur- 
rence of  a  few  igneous  pebbles  has  little  significance,  but  their  presence 
in  great  numbers  in  certain  well-defined  bands  can  usually  be  relied 
on  as  an  evidence  of  an  underlying  igneous  rock. 

The  larger  faults  can  as  a  nde  be  recognized  at  the  surface,  but 
many  of  the  smaller  ones  are  concealed.  They  make  mining  difficult 
not  only  by  displacing  one  part  of  the  bed  with  reference  to  the  other, 
and  ending  the  coal  abruptly  against  a  face  of  rock,  but  also,  where 
the  displacement  is  slight,  by  fracturing  the  coal,  and  thus  increasing 
greatly  the  percentage  of  slack  in  the  product  of  the  mine. 

In  many  places  the  coal  beds  are  locally  thinned  by  earth  move- 
ments which  have  caused  the  sedimentary  strata  to  sUde  one  over  the 
other.  As  the  coal  beds  are  relatively  soft  and  easily  crushed  they 
have  furnished  planes  of  easy  movement  along  which  much  of  this 
readjustment  of  the  strata  has  taken  place.  As  a  result  the  coal  is 
in  many  places  so  crushed  as  to  increase  greatly  the  amount  of  "slack" 
and  the  thickness  of  the  bed  is  rendered  inconstant,  the  coal  being 
"bunched"  in  some  places  and  in  others  practically  obliterated. 

1  Fisher,  C.  A.,  Coal  Adds  of  the  White  Mountain  region,  N.  Hex.:  U.  S.  Oeol.  Survey  Bull.  225,  p. 
294,1904. 


COAL  NEAR  THOMPSON,  GRAND  COUNTY,  UTAH. 


By  Frank  R.  Clark. 


INTRODUCTION. 

The  area  here  described  lies  about  5  miles  north  of  Thompson, 
Utah,  and  comprises  about  4  square  miles  of  the  Book  Cliffs  coal 
field,  which  lies  north  of  the  Denver  &  Rio  Grande  RaOroad.  Owing 
to  the  recent  conmiercial  development  of  the  coal  this  examination 
was  made  in  the  early  part  of  July,  1913,*  for  the  purpose  of  col- 
lecting data  for  an  intelligent,  well-founded  classification  and  valua- 
tion of  the  land.  Most  of  the  coal  lies  in  three  beds,  which  range 
in  thickness  from  1  foot  to  6  feet.  The  lower  and  middle  beds  are 
very  irregular  in  thickness  and  character,  being  badly  split  by  shale 
and  bone  partings,  but  the  upper  bed  is  comparatively  free  from 
these  impurities.  The  distance  between  the  three  principal  coal  beds 
that  are  present  in  this  area  differs  greatly  from  place  to  place,  show- 
ing no  definite  increase  or  decrease  in  any  particular  direction. 

The  Book  Cliffs  coal  field  extends  in  a  general  northwestward 
direction  from  Grand  River,  Colo.,  to  Castlegate,  Utah,  a  distance 
of  about  176  miles.  Thompson,  Utah,  a  station  on  the  Denver  & 
Rio  Grande  Raibx)ad  (see  fig.  17), lies  about  midway  between  Simny- 
side,  Utah,  and  the  Colorado  State  line.  The  area  here  described 
consists  of  sees.  27,  28,  33,  and  34,  in  T.  20  S.,  R.  20  E.,  Salt  Lake 
base  and  meridian.  The  coal,  which  is  bituminous,  is  mined  under 
the  trade  name  of  Bear  coal  by  the  American  Fuel  Co.  of  Utah, 
which  began  its  operations  in  March,  1912.  The  post  office,  estab- 
lished at  the  mine,  is  Neslen. 

The  writer  was  assisted  in  the  field  examination  by  H.  dark,  of 
Thompson,  Utah.  Mi*.  Thomas,  the  superintendent,  and  other  mine 
officials  were  very  courteous  and  gave  many  interesting  facts  con- 
nected with  their  mining  operations  and  the  difficidties  they  have 
had  to  overcome  in  the  development  of  their  properties. 

1  Although  ibis  work  was  dona  in  1913,  the  unavoidable  delay  In  the  publication  of  the  Survey's  annual 
Tolnme  induding  short  repents  on  work  done  during  that  year  has  made  it  desirable  to  include  this  repott 
In  the  ▼olume  for  1912. 
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PREVIOUS  WORK. 

The  previous  geologic  reports  *  on  the  Book  CUfih  coal  fidd, « 
portions  of  it,  dating  as  far  hack  as  1878,  deal  with  ihe  geology  ■ 


Fiouxx  IT.— Map  of  Utah,  showing  location  ol  Tbompaon  aod  Wates  ooal  fields. 

coal  resources  in  a  broad  way  and  contain  no  mention  of  this  sniBll 
area.     G.  B.  Kichardson  '  in  1 909,  however,  published  a  report  of  a 

>  Peala,  A.C,  OeologlcBlraport  on  thcOmidltlva' district:  D.B.QtoLuid  Otag.  Surrey  Tkt.  Tmlli 
ADD.Riitt.,pp.  17I>-IS9,1S7S.  HIUiB.n.CCoalQeldaafColDradair.S.  a«LStirTe]rUincnlR««nirai< 
1903,  p.  353, 1»3.  Eldrldgs,  O.  U.,  AsphatC  and  bilamlnoiu  rock  dapDsita  ot  the  United  Stata:  U.  & 
Oeol.  Survey  Twantf-ncoDil  Ann.  Repl.,  ]it.  i,  p.  332,  1901.  Stom,  L.  8.,  T)t«  Bocky  Uounlaia  taal 
field:  V.  S.  Oeol.  Surrey  Tnmty-secoDd  Ann.  Rept.,pt  3,  p.  43«,  IBOl.  Jjilcte,  Aftbnr,  Tbe  BookCUA 
coalmine:  Ulaes  and  mluarals,  vol.  2i.  pp.  ISO-Sl,  igM;  The  Orand  RIth  coalfield:  ICin.  Rapcrnc, 
vol.  Gl,  pp.  3Te-3Sl,  IMS.  TaS,  I.  A.,  The  Book  Cliffs  coal  field  ircat  of  Green  RInr,  Utah:  IT.  S.  G«L 
Surrey  Boll,  285,  pp.  JtOSta,  IMS, 

•  Rlchsidson,  O.  B.,  Raconmalssuiceof  the  Book  CllOsooalllaldbMweanOmid  Rtrv.Calo.iU 
■Ida,  Utah:  XJ,  S.  OeoL  Smrey  BulL  371 ,  p.  IT,  ISM. 
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Tery  rapid  reconnaissance  survey  of  the  Book  Cliffs  coal  field  from 
Grand  River,  Colo.,  to  Sunnsyide,  Utah,  which  deals  with  the  broader 
features  of  the  geology  and  coal  resources  of  this  area.  He  states 
that  more  development  had  been  done  in  this  area  than  in  any  other 
part  of  the  Book  Cliffs  in  Utah  considered  in  his  paper,  but  this 
early  development  amounted  to  little  more  than  propsecting. 

FIELD  WOBK. 

The  field  examination  was  made  by  the  writer  in  great  detail  and 
with  considerable  c«ire.  The  coal-bearing  strata  were  very  thor- 
oughly prospected  with  pick  and  shovel  and  the  beds  were  opened 
at  many  points,  at  each  of  which  the  character  of  the  coal  was  noted 
and  carefid  measurements  of  the  thickness  of  the  bed  and  the  various 
partings  were  made.  The  coal  outcrops  were  meandered  with  plane 
table,  telescopic  alidade,  and  stadia  rod,  and  all  points  at'  which  the 
coal  was  examined,  as  well  as  many  intervening  points  on  the  out- 
crop, were  carefully  located.  The  horizontal  control  was  furnished 
by  comers  established  by  the  General  Land  Office.  The  altitude  of 
all  points  located  was  also  determined  by  vertical  angles.  The 
initial  altitude,  5,730  feet,  was  taken  from  a  bench  mark  on  the 
railroad  just  south  of  the  coal  jigs  or  washers,  so  that  the  elevations 
are  all  referred  to  the  sea-level  datum  plane. 

IiAND  SURVEYS. 

The  four  sections  (27,  28,  33,  and  34)  included  in  this  area  are  the 
only  subdivisions  that  have  been  made  in  T.  20  S.,  R.  20  E.  Tlie 
survey  was  made  in  October,  1907;  the  comer  stones  are  plainly 
marked,  and  the  writer's  traverses  indicate  that  they  were  accin-ately 
located.  No  discrepancies  were  foimd  between  the  actual  position 
of  the  comers  and  tiie  position  shown  by  the  Land  Office  plat. 

The  American  Fuel  Co.  of  Utah,  whose  coal  mine  is  located  in 
sec.  27,  have  recently  completed  a  very  careful  transit  and  chain 
survey  of  their  lands  in  this  vicinity  and  have  set  posts  at  all  of  the 
"forty"  comers  embraced  within  their  property.  A  number  of 
these  private  posts  were  located  during  the  investigations  covered 
by  this  report  and  are  shown  on  the  map  (PI.  XXVIII,  p.  468). 

TOPOGRAPHY. 


The  topography  of  the  Book  Cliffs  is  characterized  by  a  series  of 
nearly  perpendicular  sandstone  ledges  alternating  with  sloping  shale 
benches.  Here  and  there  the  bold  southward-facing  escarpment  has 
been  deeply  trenched  by  streams,  forming  more  or  less  narrow  steep- 
sided  canyons  that  range  from  one  to  several  miles  in  length.    The 
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area  herein  described  lies  in  the  drainage  of  Thompson  Creek,  a 
typical  canyon  stream,  which  with  its  branching  short  steep-sided 
gulches  has  very  thoroughly  dissected  the  Book  COiiffs. 

The  Book  Cliffs  north  of  Thompson  are  divided  topographically 
into  two  parts,  a  lower  and  an  upper  escarpment,  separated  by  a 
broad  shale  bench.  Near  the  railroad  on  the  north  is  the  lower  per- 
pendicular sandstone  escarpment,  about  75  feet  high,  which  forms 
an  impassable  barrier  except  where  erosion  has  worn  it  away.  Above 
and  back  of  this  ledge  extends  a  nearly  flat  surface  which  is  sparsdy 
covered  by  "scrub"  cedars,  sagebru^,  and  some  grass.  North  of 
this  bench  rises  very  abruptly  the  upper  escarpment  of  the  Book 
Cliffs  in  which  the  coal  beds  are  found.  At  the  base  of  this  escarp- 
ment throughout  this  area  occurs  a  nearly  perpendicular  ledge  about 
100  to  150  feet  high,  above  which  alternate  relatively  thick,  nearly 
perpendicular  sandstone  ledges  and  thin  slopiag  shale  benches. 

The  elevations  above  sea  level  in  the  area  imder  discussion  range 
from  about  5,300  feet  ia  the  bed  of  Thompson  Creek  to  about  8,000 
feet  on  the  divides.     The  total  relief  is  thus  about  2,700  feet. 

BBAINAGB. 

This  area  is  drained  primarily  by  two  main  southward-flowiog 
streams,  Thompson  Creek  and  the  Right  Fork,  together  with  numerous 
short  gulches  which  contain  running  water  only  during  heavy  rains 
or  the  season  of  melting  snows.  The  two  main  streams  are,  however, 
perennial,  though  the  water  seldom  flows,  except  iu  time  of  floods, 
beyond  a  point  just  below  the  south  line  of  sec.  33. 

The  Denver  &  Rio  Grande  Railroad  owns  the  water  of  Thompson 
Cieek,  and  has  a  7-mile  pipe  line  which  carries  the  water  from  its 
source  in  the  canyon  to  storage  tanks  on  the  railroad  at  Thompson. 
The  water  from  the  Right  Fork  of  Thompson  Creek  is  owned  and 
used  by  the  American  Fuel  Co.  of  Utah  for  their  coal-miniug  camp 
at  Neslen,  in  sec.  27. 

STRATIGRAPHY- 

The  beds  exposed  in  this  region  are  considered  from  the  best 
evidence  now  available  to  be  of  Upper  Cretaceous  age,  and  to  belong 
to  the  Mesaverde  formation  and  the  Mancos  shale.  The  coal  is 
found  in  the  lower  part  of  the  Mesaverde  formation. 

The  columnar  section  shown  on  Plate  XXVIII  (p.  468)  gives  the 
general  character  of  the  beds  exposed  in  this  area.  The  section, 
except  that  part  containing  the  coal  beds,  which  is  drawn  from  meas- 
urements made  between  locations  14  and  61  in  the  center  of  sec.  27, 
is  reproduced  from  Richardson's  report  on  the  Book  Cliffs  coal  field, 
Utah.  The  section  as  a  whole  is  more  or  less  generalized,  but  that 
part  which  includes  the  coal-bearing  strata  was  measured  in  this 
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The  amount  of  coal  shown  in  this  section  is  doubtless  too 
[,\pr«at,  as  all  these  beds  are  probably  not  present  in  all  parts  of  the 
^  JStetHen  district. 

^■'  The  Mesaverde  formation,  which  overlies  the  Mancos  shale,  is 
^*  essentially  of  brackish  or  fresh  water  origin  and  consists  of  a  series 
"^^'^ot  alternating  beds  of  buff  sandstone  and  gray  shale  with  the  amount 
?  of  sandstone  greatly  in  excess  of  the  shale  except  in  the  coal-bearing 
^^  portion.  The  sandstone  is  composed  of  quartz  grains  with  some 
^B  mica.  The  shales  are  more  or  less  sandy,  but  in  the  vicinity  of  the 
^ J  Goals  contain  some  carbonaceous  material. 

ai  The  Mancos  shale,  which  possesses  certain  well-defined  character- 
»i.  istics,  lies  beneath,  and  in  this  area  outcrops  to  the  south  of  the  coal- 
sr  bearing  strata.  It  is  a  marine  day  shale,  bluish  gray  to  drab  in  color, 
ii  and  differs  but  little  either  in  color  or  character  except  in  its  upper 
I  part,  where  it  is  more  sandy  and  in  places  contains  lenses  of  impure 
\    Umestone. 

Richardson,  in  his  report  on  the  Book  Cliffs  coal  field,  draws  the 
contact  between  the  Mesaverde  formation  and  the  Mancos  shale  at 
the  base  of  the  lower  sandstone  cliff  shown  on  the  map. 

STRUCTURE. 

The  structure  of  that  part  of  the  Book  Cliffs  field  discussed  in  this 
paper  is  very  simple  and  regular.  The  beds  dip  gently  (2°-3°)  north 
or  slightly  northeast.  The  dips  and  strikes  recorded  on  the  map  are 
based  on  actual  measured  differences  in  elevation  of  points  along  the 
outcrop  of  the  same  coal  bed  and  not  on  mere  generalized  observations. 

The  area  is  practically  free  from  faults,  only  one  having  been 
observed,  a  block  fault,  which  extends  across  the  SW.  i  sec.  28  iu  a 
northwest-southeast  direction.  The  fault  planes  inclose  a  small 
lenticular  block,  one  edge  of  which  is  broken  off  and  the  other  edge 
appears  at  location  5  in  the  SE.  I SE.  i  SW.  i  sec.  25.  The  maximum 
width  of  the  block  as  shown  300  feet  west  of  location  29,  in  the  NE.  i 
SW.  i  sec.  28,  is  200  feet.  Northward  from  this  locality  the  width 
of  the  block  decreases  until  at  location  2,  in  the  NE.  I  NW.  i  SW.  { 
sec.  28,  it  is  but  40  feet.  This  block  has  dropped  with  reference  to 
the  adjoining  strata,  and  the  vertical  throw  was  measured  at  a 
number  of  points  as  foUows:  At  location  6  the  throw  is  but  a  few 
feet,  and  the  fault  disappears  not  far  south  of  this  point.  The  throw 
on  the  west  side  of  the  block  at  location  4,  in  the  N.  ^  SE.  J  SW.  I 
sec.  28,  is  10  feet,  whereas  at  location  31  it  is  20  feet  on  the  west  side 
and  only  5  feet  on  the  east  side  of  the  block.  The  maximimx  throw  is 
not  far  north  of  these  points  and  probably  does  not  exceed  30  feet. 
At  location  2,  in  the  NW.  i  SE.  i  SW.  i  sec.  28,  there  is  practically 
no  vertical  throw,  the  fault  planes  beiog  marked  simply  by  broken 
or  crushed  sandstone,  and  beyond  this  point  northward  there  is  no 
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evidence  whatever  of  any  displacement.  The  presence  of  this  fault 
can  have  little  e£Pect  on  the  future  development  of  the  coal,  as  prac- 
tically all  the  coal  that  is  under  sufficient  cover  to  be  of  economic 
value  lies  east  of  the  fault. 

THE  COAIi. 

GBNEBAL  FBATUBBS. 

The  coal  beds  lie  ne&rly  flat  and  hence  they  have  smuous  outcrops 
which  retreat  far  into  the  plateau  where  they  cross  the  stream 
valleys  and  which  project  on  every  spur  out  to  the  extreme  front 
of  the  cliffs.  Three  continuous  coal  beds  are  exposed  throughout 
the  area,  and  the  outcrop  of  each  is  represented  on  the  map  (PI. 
XXV 111,  p.  468)  by  a  full  line.  These  outcrops  were  meandered 
with  a  plane  table,  Gale  telescopic  alidade,  and  stadia  rod.  Altitudes 
of  most  of  the  coal  sections  measured  were  obtained  by  vertical 
angles.     A  list  of  these  altitudes  is  given  below: 

Altitvdes  of  bottom  of  coal  bed  at  localities  where  sections  were  measured  in  area  near 

Thompson^  Utah. 


Bed  A. 


No.  of  locality:* 
1 


Feet. 

6,743 

6,772 

6,797 

6,834 

6,845 

6,848 

6,878 

5,903 

6,852 

6,832 

6,838 

6,810 

5,779 

6,853 

6,848 

6,917 

5,961 

5,977 

5,973 

6,999 

22 6,047 

23 6,069 

24 6,025 

25 6,143 


2. 
3. 
4. 

5. 

6. 

7. 

8. 
10. 
11. 
12. 

n. 

14. 
15. 
16. 
17. 
1?. 
19. 
20. 
21. 


BedB. 


No.  of  locality: 
26 


Feet. 

6,784 

5,836 

6,866 

6,890 

6,880 

6,923 

6,917 

6,005 

5,911 

5,919 

5,881 

5,876 

5,823 

6,889 

6,915 

5,943 

43 6,012 

44 6,010 

45 6.033 

46 6.070 

47 6,102 

48 6,087 

49 6,115 

50 6,167 


27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
39. 
40. 
41. 
42. 


BedC. 


Feet. 

6,786 

6.857 

5,883 

6,913 

5,914 

5.988 

58 5,964 

59 5,955 


No.  of  locality: » 

61 

52 

53 

64 

65 

56 


60. 
61. 
62. 


5,894 
5,854 
5,908 

63 6,947 

64 5,975 

65 5,974 

66 


5,967 

67 6,071 

68 6,064 

69 6,083 

70 6,118 

71 6,123 

72 6,142 

7*^ 6.155 

74 6,207 


The  three  beds  are  here  designated  by  the  letters  A,  B,  and  C,  A 
being  the  lowest  and  C  the  highest  bed.  Measurements  of  the  coal 
in  these  beds  were  made  at  many  places  on  the  outcrop  and  the 
results  are  shown  graphically  on  Plate  XXVIII.  The  locations  of 
the  coal  sections  on  the  map  are  numbered  consecutively  from  left 
to  right  along  the  outcrop,  beginning  with  No.  1  on  bed  A  at  the 
extreme  northwest  corner  of  the  area.  The  numbers  used  to  mark 
the  location  of  the  coal  sections  on  the  map  are  also  used  to  designate 
the  corresponding  graphic  section. 


1  See  map.  PI.  XXVIII,  p.  468. 
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^'    At  a  number  of  places  local  thin,  seemingly  isolated  lenses  of  coal 
^^oeour  above  and  below  each  of  the  three  principal  beds,  but  the  avail- 
mUe  information  regarding  these  lenses  does  not  justify  an  attempt  to 
eorrelate  one  exposure  with  another  or  to  assume  the  bed  to  be  con- 
tinuous between  any  two. 

The  presence  of  rocks  more  or  less  altered  by  the  burning  of  the 
ooal  is  very  common  in  many  localities  in  the  Book  Cliffs  field,  but  in 
^  the  area  under  discussion  only  three  places  were  foimd  where  the 
^  ooal  has  been  burned.  Beds  B  and  C  are  burned  for  a  short  distance 
-.  storth  of  locations  27  and  52  in  sec.  28.  Another  burnt  area  lies 
Q^  south  of  location  57,  in  sec.  28,  and  in  the  NE.  I  sec.  33.  Evidence  of 
. .   local  burning  was  also  found  in  the  E.  ^  SE.  i  sec.  34. 

COAL  BBD  A. 

Bed  A  is  stratigraphically  the  lowest  bed  whose  outcrop  is  shown 
on  the  map  (PI.  XXVIII),  and  it  is  believed  from  the  evidence 
at  hand  to  be  a  continuous  bed  throughout  the  area.  The  exposures 
are  good  and  a  casual  examination  creates  the  impression  that  the 
bed  maintains  a  fairly  constant  thickness  over  the  entire  area.  A 
detailed  study  of  the  graphic  sections,  however,  demonstrates  great 
irregularity  in  the  thickness  of  the  coal  and  the  character  of  the  bed. 

Twenty-five  detailed  sections  of  coal  bed  A  were  measured  and  are 
designated  on  the  map  by  numbers  1  to  25,  inclusive,  arranged  con- 
secutively along  the  outcrop  from  north  to  south.  They  show  a 
range  in  thickness  from  2  feet  7  inches  at  location  1  to  6  feet  2  inches 
at  location  14,  including  partings  at  both  places.  The  coal  bed  is 
generally  overlain  by  shale  or  sandy  shale,  which  in  turn  is  overlain 
by  a  buff  sandstone,  but  in  places  this  sandstone  rests  directly  on 
the  coal.  This  sandstone  contains  many  joint  planes,  is  indurated 
and  thinly  bedded,  but  is  extremely  irregular  in  thickness  and  char- 
acter as  well  as  occurrence.  Where  the  sandstone  is  thinnest  it 
weathers  into  rectangular  blocks,  ranging  from  3  to  6  feet  long 
by  2  to  8  inches  on  the  side;  in  the  thicker  parts  of  the  sandstone 
these  blocks  weigh  several  tons.  The  floor  of  bed  A  is  almost  uni- 
versally shale  or  sandy  shale,  but  in  some  places  the  coal  rests  on  a 
few  inches  of  bone  or  carbonaceous  shale.  The  variations  in  the 
character  of  the  roof  and  floor  of  bed  A  are  very  well  shown  in  the 
sections  on  Plate  XXVIII. 

Bed  A  is  generally  separated  into  two  or  more  benches.  In  many 
places  the  upper  bench,  containing  from  5  to  10  inches  of  coal,  is 
separated  from  the  rest  of  the  bed  by  3  to  10  inches  of  yellow  clay. 
South  and  east  along  the  outcrop  from  location  1  to  location  9  the 
bed  shows  a  wide  range  in  the  number  and  arrangement  of  partings 


€xpiKt«i  to  ocror  in  amy  of  dieae  eoal  beds.  The  eo&l  bed  in  dii 
cJLpawif»,  wbieh  b  aboot  €0  leei  in  loBgtb,  coniains  a  sfaak  ptftiB; 
Uuu  incTMHs  torad  the  sooth  from  4  inches  to  4  feet,  but  the  ti9 
be&ehce  «^  cool  remoin  spfvoxiiBolciT  of  the  some  thickness.  Se^ 
tions  10  end  1 1  both  shov  bed  A  to  be  spGt  into  two  benches  bj 
6  inehee  «^  shsle.  The  totsl  thirkwHs  of  eoel  in  seetioiis  9,  10,  and 
11  nmges  from  3  feet  5  inches  to  3  feet  11  inches.  Sontheest  of 
location  12  the  coal  bed  consists  of  two  benches.  The  lowo*  bcodi 
rmngm  in  thirknews  from  3  feet  10  inches  to  4  feet  11  in<!hes  and  e 
far  southeast  as  a  point  in  the  Tidnity  of  location  23  is  only  locally 
qilit  bj  parting^.  The  upper  bendi  of  bed  A,  betwoen  locations  12 
and  22,  is  sq>arated  from  the  lower  bj  6  to  10  inches  of  claj  or 
shale.  This  part  of  the  bed  is  Tariable  in  character  and  thicknesB) 
being  rqyreeented  in  man j  places  b  j  onl  j  a  thin  bed  of  carbonaceoas 
shale.  The  coal  in  this  bench  at  no  place  exceeds  10  inches  in 
thickness.  South  of  location  23  the  sections  measured  at  locations 
24  and  25  show  bed  A  to  be  very  badly  split  bj  partings.  (See  R 
XXVIII.)  The  chemical  composition  of  this  coal  is  shown  in  the 
table  of  analjTses  on  page  470  (No.  17578). 

I/>CAL  THDr  I.EHSB8  ABOVS  AKD  BSLOW  OOAI.  BSB  A. 

At  several  localities  thin  beds  of  coal  (6  inches  to  1  foot  8  inches 
in  thickness)  are  exposed  at  distances  ranging  from  3  feet  6  inches 
to  1 0  feet  below  bed  A.  At  location  9  coal  6  inches  in  thickness  is 
exposed,  representing;  it  is  believed,  the  same  bed  as  the  20-inch 
hinl  below  bed  A  at  location  1 1 .  The  expK)sures  at  location  15  do 
not  show  any  coals  below  bed  A,  but  several  streaks  of  carbonaceous 
shule  uro  exposed  below  it  at  location  17.  One  or  more  of  these  shale 
IxuIh  may  be  the  equivalent  of  the  10-inch  bed  of  coal  at  location  16, 
or  of  the  17-inch  coal  at  location  18,  both  of  which  lie  below  bed  A. 
At  location  24  the  15-inch  bench  of  coal  at  the  top  of  the  section  is 
ovc^rlain  by  2  inches  of  ash,  showing  that  part  of  this  bench  has  been 
lo(5ully  burned.  At  a  distance  of  1  foot  2  inches  above  this  2-inch 
ash  b<^d  another  bod  of  ash  one-half  inch  thick  outcrops  and  is  overiain 
by  shale  and  clay.  The  following  list  of  sections  gives  the  character 
and  tliicknoss  of  the  thin  beds  below  bed  A  and  also  the  distance 
betw<Hni  bod  A  and  certain  other  local  lenses  not  mentioned  in  the 
ubovo  discussion: 
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SectioTu  of  coal  beds  or  Unte$  below  bed  A 

Location  S. 

Coal  bed  A.  Ft.  in. 

Interval 8 

Shale. 

Coal,  impure 1      4 

Shale.  

Totalcoal 1      4 

I«ocatioa  11. 

Coal  bed  A. 

Interval 6      8 

Clay. 

Coal,bright 1      8 


in  sees,  tl,  t8,  and  34,  T,  20  S,,  R.  20  E, 

I«ocatlon  It. 

Coal  bed  A.  Ft.  in. 

Shale,  sandy 4 

Coal 1      5 

Shale.  


Totalcoal 1      8 

IfOcation  U. 

Coal  bed  A. 

Interval 15      6 

Clay. 

Coal 1      8 

Bone 3 

Shale 2 


Totalcoal 1      8 

Location  14. 

Coal  bed  A. 

Shale,  carbonaceous 1      2 

Shale,  sandy 2 

Coal,  bright 8 

Shale,  sandy 4      6 

Shale,  clay 5 

Coal,bright 1      3 

Bone 9 

Shale 3+ 


TotalcoaL 1    11 

Location  19. 

Coal  bed  A. 
Shale,  sandy 4 


Coal. 


Shale,  slightly  carbonaceous 5 

Clay 4 

Shale,  carbonaceous 1 

Coal 

Shale. 


10 


8 
6 


Totalcoal 1 


Totalcoal 1 

Location  20. 

Coal  bed  A. 

Shale,  sandy 3 

Clay 3 

Coal,bright 1 

Shale,  sandy 2 

Interval 12 

Coal 

Shale,  sandy 3 


Totalcoal 

Location  S3. 

Coal  bed  A. 

Clay 

Coal 

Shale. 

Totalcoal 


11 


Totalcoal 2 

Location  21. 

Coal  bed  A. 

Shale 1      6 

Clay 6 

Sandstone,  buff 4 

Coal 6 

Shale 3 

Shale,  sandy 14 

Clay 3 

Shale,  carbonaceous 5 

Coal 4 

Shale 3 


10 


3      6 
10 

10 


From  the  available  data  it  is  impossible  to  say  with  certainty 
whether  or  not  the  beds  given  in  this  list  represent  ''splits''  from 
bed  A  or  whether  they  are  merely  local  thin  lenses  which  have  no 
direct  connection  with  bed  A  or  with  one  another.    It  is  believed, 
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however,  that  some  of  the  sections  of  coal  below  bed  A  represent  Ai 
same  bed,  which  is  probably  local  and  of  very  litUe  ecmmk 
importance. 

There  are  only  two  places  Gocations  14  and  20)  where  coaliv 
found  in  outcrops  between  beds  A  and  B.  At  location  14  cod  I 
foot  8  inches  in  thickness  is  exposed  16  feet  9  inches  stratigrapbicd^ 
above  bed  A,  and  at  location  20  the  following  section  was  measnnl 
15  feet  stratigraphically  above  bed  A: 

Section  of  coed  meatured  at  location  20,  15  feet  above  bed  A,  m  the  NW.  \  8E.  \NE.\ 

$ee.S4y  T.t0  8.,R.ftO  E. 

Ft  ia. 

Clay 3 

Coal 7 

Bone 3 

Coal 4 

Shale.  

4     2 

These  sections  may  or  may  not  belong  to  the  same  bed,  but  no 
other  exposures  were  observed  in  this  area  at  this  horizon,  and  it 
seems  probable  that  they  represent  only  local  lenses.  They  have  no 
inunediate  commercial  value. 

COAL  BED  B. 

Coal  bed  B  is  the  first  continuous  coal  bed  above  bed  A..  Tke 
distance  between  beds  A  and  B  ranges  from  45  to  100  feet,  with  the 
maximum  at  locations  27,  33,  and  43,  and  the  minixnuxn  at  locations 
36,  39,  and  44.  There  is  no  apparent  constant  change  in  this  inter- 
val in  any  given  direction  but  merely  an  irregular  variation  from 
place  to  place.  Bed  B  is  overlain  by  a  massive  sandstone,  but  most 
of  the  coal  sections  show  an  intervening  layer  of  softer  material 
which  ranges  in  thickness  from  a  few  inches  to  1  or  2  feet.  This  roof 
material  is  in  some  places  bone,  in  others  a  mass  of  alternating  thin 
lenses  of  shale  and  coal,  and  in  others  carbonaceous  shale,  clay,  shale, 
or  sandy  shale.  The  sandstone  is  massive  or  heavy  bedded,  buff  to 
gray  in  color,  and  from  5  to  20  feet  in  thickness.  It  does  not  every- 
where lie  in  a  perfect  plane  but  locally  shows  slight  undulations  or 
rolls.  It  rests  directly  on  the  coal  at  a  few  places  and  in  others  it 
may  cut  out  parts  of  the  coal. 

The  floor  material  of  bed  B  is  muversally  a  shale  or  sandy  shale,  but 
the  coal  in  a  few  of  the  sections  examined  is  separated  from  the  shale 
floor  by  a  few  inches  of  bone. 

The  coal  of  bed  B  is  black  in  mass  and  in  places  shows  an  apparent 
banding,  which  is  due  to  the  alternating  beds  of  vitreous  and  dull 
coal.  It  is  characterized  by  the  more  or  less  r^ular  right-angled 
joint  planes,  which  show  very  distinctly  wherever  the  coal  is  freshly 
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^eacposed.    Bed  B  is  sometimes  known  as  the  Ballard  coal,  receiving 

iHiis  name  from  the  fact  that  several  years  ago  a  man  named  Ballard 

opened  a  local  mine  in  sec.  27  which  produced  some  coal. 

lb     Twenty-three  detailed  sections  (Nos.  26  to  60,  inclusive,  on  PL 

XXVUI)  were  measured  on  this  bed  at  points  along  the  outcrop 

i^^from  north  to  south  at  distances  ranging  from  500  feet  to  one-half 

rr'jiiule  apart.    They  are  all,  except  sections  31  and  33,  given  on  Plate 

XXVni,  and  show  that  the  bed  is  very  badly  split  by  partings  of 

bone  and  shale.    As  the  exposures  are  very  good  the  true  character 

'  of  the  bed  is  probably  indicated  by  these  sections.    Out  of  all  the 

measurements  made  no  two  are  identical,  and  the  thickness  of  the 

coal  ranges  from  1  foot  8  inches  at  location  46  to  6  feet  6  inches  at 

location  40,  with  many  di£ferent  thicknesses  between  these  limits. 

The  bed  is  so  irregular  in  thickness  and  character,  and  the  thickness 

and  extent  of  the  partings  so  changeable,  that  mining  it  becomes  a 

very  uncertain  and  expensive  operation. 

Bed  B  at  location  28  consists  of  two  benches.  The  upper  bench, 
containing  2  feet  8  inches  of  coal,  is  separated  from  the  heavy- 
bedded  sandstone  above  by  8  inches  of  coal  and  shale  occurring  in 
interbedded  "knife-blade''  lenses.  The  lower  bench,  consisting  of 
4  inches  of  coal  underlain  by  3  inches  of  bone,  is  separated  from  the 
upper  bench  by  2  feet  4  inches  of  brown  shale.  At  location  29  the 
brown  shale  separating  the  two  benches  is  4  feet  6  inches  thick,  and 
the  lower  coal  bench  is  here  represented  by  only  9  inches  of  bone 
underlain  by  brown  shale.  For  those  reasons  only  the  upper  bench 
at  locations  28  and  29  is  shown  graphically  in  the  sections  on  Plate 
XXVIII,  but  it  is  beUeved  that  the  lower  bench  at  these  localities  is 
the  same  as  the  lower  9-inch  bench  of  coal  at  locations  30  (in  the  W.  i 
NW.  i  SE.  i  sec.  28)  and  32  (in  the  NW.  i  SW.  i  SE.  i  sec.  28).  Sec- 
tion 32  (PI.  XXVIII)  is  a  characteristic  section  of  bed  B.  The  top  6 
inches  of  impure  coal  is  made  up  of  many  ''knife-blade"  lenses  of 
coal  and  shale  interbedded,  a  material  associated  with  bed  B  at  many 
places  throughout  this  area,  in  some  places  forming  the  roof  of  the 
coal  and  in  others  occurring  as  partings  between  benches.  The  upper 
bench,  which  constitutes  the  main  part  of  bed  B,  has  been  burned  out 
at  location  33,  leaving  only  the  lower  bench  of  10  inches  of  coal 
exposed,  which  is  probably  the  same  as  the  16-inch  bench  at  the  base 
of  the  section  at  location  34. 

The  extremely  variable  character  of  bed  B  is  well  illustrated  by 
the  exposures  in  the  vicinity  of  locations  48  and  49,  where  the  bed 
is  split  into  two  main  benches,  the  upper  of  which  is  again  divided 
by  thin  partings  into  three  benches.  This  latter  splitting,  however, 
may  be  entirely  local.    Section  48  is  shown  on  Plate  XXVIII. 

The  upper  bench  diminishes  in  thickness  toward  the  east  from 
location  48  yjitil  it  wholly  disappears  some  700  feet  from  that  point, 
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the  position  of  the  coal  being  occupied  by  a  heavy  bedded  sandstone. 
The  upper  bench  reappears  at  location  49  but  is  only  4  inches  thick. 
The  outcrop  of  bed  B  between  locations  49  and  50  does  not  show  a 
continuous  exposure,  but  at  location  50  the  bed  contains  two  benches, 
the  upper  14  inches  thick  and  the  lower  2  feet  1  inch  thick,  the  two 
being  separated  by  1  foot  9  inches  of  brown  shale. 

The  developments  of  the  American  Fuel  Co.  of  Utah  prove  the  bed 
to  possess  the  same  irregular  character  under  cover  that  it  is  shown 
to  have  along  the  outcrop  by  the  sections  on  Plate  XXVIII.  The 
chemical  properties  of  this  coal  are  shown  in  the  table  of  analyses  on 
page  470  (No.  17677F).  The  sample  from  bed  B  was  taken  from 
mine  No.  1-A  on  the  east  side  of  the  creek  in  the  NE.  J  SW.  i  NW.  J 
sec.  27,  at  a  point  1,200  feet  east  and  slightly  south  from  the  mouth 
of  the  mine.  The  point  in  the  mine  from  which  the  sample  was  taken 
is  designated  on  the  map  by  location  38. 

COAL  BED  C. 

Bed  C  is  the  next  bed  stratigraphically  above  bed  B.  The  distance 
between  beds  B  and  C  ranges  in  extreme  cases  from  15  to  50  feet, 
but  at  most  places  it  is  between  30  and  50  feet.  This  irregularity 
may  be  explained  in  part  by  the  change  in  thickness  from  place  to 
place  of  the  heavy  bedded  sandstone  overlying  bed  B.  Where  this 
sandstone  attains  its  greatest  thickness  it  makes  up  fully  half  of  this 
interval  (the  other  half  being  shale  and  sandy  shale) ,  whereas  at 
other  points  it  is  not  more  than  4  or  5  feet  thick.  Bed  C,  at  most 
places  where  sections  were  measured,  is  overlain  by  a  shale  or  sandy 
shale,  but  at  a  few  places  sandstone  rests  immediately  on  the  coal  or 
within  2  or  3  feet  of  the  top  of  the  coal.  The  coal  is  black,  massive, 
jointed,  and  stands  up  under  weathering  for  a  considerable  length  of 
time.  Although  there  was  no  opportunity  to  obtain  an  unweathered 
sample  for  chemical  analysis,  the  physical  properties  suggest  that  it 
is  as  good  a  grade  of  fuel  as  the  coal  from  either  bed  A  or  bed  B. 
Twenty-four  detailed  sections  (Nos.  51  to  74,  inclusive)  of  this  bed 
were  measured  along  its  outcrop  and  23  of  these  are  shown  on  Plate 
XXVIII. 

Bed  C  differs  decidedly  from  beds  A  and  B  in  the  absence  of  shale 
and  bone  partings  and  in  the  more  nectrly  constant  thickness  of  the 
coal,  which  averages  about  4  feet.  At  location  64  it  is  only  1  foot 
1 1  inches  thick,  but  the  bed  at  every  other  point  measured  contains 
not  less  than  3  feet  6  inches,  and  at  several  localities  as  much  as  5  feet 
or  more  of  good  clean  coal.  The  character  and  thickness  of  this  bed 
are  so  well  shown  on  Plate  XXVIII  that  little  need  be  said  here.  The 
only  section  omitted  from  the  plate  is  section  62,  which  is  practically 
identical  with  section  63.     The  one  condition  likely  to  hinder  the 
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development  of  this  coal  is  the  generally  shalj  character  of  the  roof, 

.    which  is  less  stable  than  the  sandstone  roof  of  beds  A  and  B.    The  floor 

'  material  of  bed  C  is  everywhere  shale  or  sandy  shale.    It  is  believed, 

however,  that  bed  C  holds  out  more  favorable  inducements  for  exten- 
"*  dive  future  development  than  either  bed  A  or  bed  B. 

V  LOCAL  COALS  ABOVE  BED  C. 

-  At  many  places  exposures  show  a  number  of  coal  beds  lying  above 
bed  C  at  distances  ranging  from  1  foot  5  inches  to  16  feet.  The  coal 
in  these  lenses  ranges  in  thickness  from  7  inches  to  3  feet  11  inches. 
At  location  51a  thickness  of  1  foot  3  inches  of  bone  is  exposed  above 
bed  C,  which  is  believed  to  be  the  equivalent  of  the  15-inch  bed  of 
coal  outcropping  10  feet  8  inches  stratigraphically  above  bed  C  at 
location  52.  At  a  distance  of  20  feet  stratigraphically  above  bed  C, 
at  location  55,  bony  coal  1  foot  2  inches  in  thickness  is  exposed.  The 
interval  between  bed  C  and  the  bony  coal  is  occupied  by  shale  and 
clay  except  for  a  6-foot  bed  of  friable  sandstone  separated  from  bed 
C  by  2  inches  of  clay.  About  300  feet  west  along  the  outcrop  from 
location  56  coal  1  foot  2  inches  in  thickness  is  exposed  about  8  feet 
stratigraphically  above  bed  C.  The  intervening  material  here  is  com- 
posed of  gray  clay.  At  location  61  the  following  section,  containing 
two  thin  lenses  of  coal,  was  measured  50  feet  stratigraphically  above 
bedC: 

Section  of  coal  beds  measured  50  feet  stratigraphically  above  bed  C  at  location  61. 

Ft.  in. 

Shale,  gray 3 

Coal 3 

Clay,  gray 8 

CJoal 10    . 

Shale,  brown 1     6 

13      7 

Several  beds  of  carbonaceous  shale  are  exposed  at  location  63  above 
the  14-inch  bed  in  the  list  given  below.  These  shale  bands  probably 
represent  some  of  the  topmost  coals  exposed  above  bed  C  at  location 
61.  The  following  list  gives  the  thickness  of  these  beds  at  each  local- 
ity and  the  distance  between  bed  C  and  the  coal  above  it. 

3e5'— Bull.  541—14 80 
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SeeHom  ofeoal  bed§ 


Qbav€b€dCin96e».rr,t8^and34,  T,t08.,R,fOl 


Sandstone,  buff ,  maadve 

Shale  and  coal  interbedded 

Coal,  bright 

Shale  and  coal  lenaes  inteibedded. 

Shale 

Clay 

Sandstone,  massive 

Shale,  sandy 

Shale,  caibonaceons 

Coal 

Shale,  sandy 

Bone 

Interval,  clay 

Coal  bed  C. 
Total  coal 


Ft.  in. 

10 

3 
6 
3 
3 

3 

7 

1 

1 
4 
1 
5 


Location  S4. 

Clay. 

Coal 

Bone 

Shale,  brown 

Clay,giay 

Shale 

Coal 

Shale. 

Interval 

Coal  bed  C. 
Total  coal 


1 
5 
2 


Loeatloa  68. 

Shale. 

Shale,  carbonaceous 

Coal 

Bone 

Shale 

Coal  bed  C. 
Total  coal 


Shale. 

Bone 

Cool 

Shale. 
Interval 

Coal  bed  C. 
Total  coal. 


Location  69. 


Looation  60. 

Shale 

Shale,  carbonaceous 

Bone 

Coal 

Shale. 

Interval 

Coal  bed  C. 
Total  coal 


2 
7 


8 
3 


8 


9 


4 
6 


11 


7 

9 

8 

1      5 

9 


5 

7 

6      4 


6 
2 
3 


tl. 


Shale. 

Bone 

Shale,  sandy 
Coal 


Ft  h 
C 


1 

1  • 

Shale,  sandy S  C 

Coal 1  • 

Shale,  sandy 2  7 

Coal  bed  O.  

Totalcoal 8  S 


Sandstone 5 

Clay 12 

Sandstone 1    6 

Clay 1    3 

Shale,  carbonaceotis 1    6 

C]ay,gray 24 

Coal 1 

Clay,gray 2 

Bone 

Shale,  gray 1 

CoalbedC 3 


Totalcoal 4    8 

LooatloB  O. 

Clay,gray 8+ 

Shale,  carbonaceous 1    3 

Coal 1    2 

Clay,gray 8 

Coal  bed  C.  

Totalcoal 1    2 

Looation  67. 

Clay,  gray. 

Bone 6 

Coal 3 

Shale. 

Interval 12    2 

Coal  bed  C. 

Totalcoal 8 

Location  M. 

Sandstone,  thinly  bedded 2 

Clay 8 

Shale,  carbonaceous 2 

Clay 6 

Coal,  impure 2 

Bone 1 

Clay. 

Interval 16 

Coal  bed  C. 

Totalcoal 2 


.i 
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XfOcatioB  It. 


Ft    In. 


No  coal  exposed  above  this  shale. 

Shale,  si  ightly  carbonaceous 2 

Clay 3 

Coal 1 

Bone 

Shale. 

Interval 7 

Coal  bed  C.  


4 
10 


in. 

4 
4 
2 
11 
4 
6 


Totalcoal 1 

Location  70. 

Shale. 

Coal 1 

Shale. 

Interval 5 

Coal  bed  C.  


6 


Total  toal 1      6 


XiO«atloB  7L  Ft. 

Sandstone 6 

Shale,  sandy 

Coal,  impure 

Shale,  gray 

Coal 

Shale,  carbonaceous 

Coal 

Interval 4 

Coal  bed  C.  

Totalcoal 1 

XfOcatiOB  71. 
Sandstone 15 

Coal 

Shale,  sandy 

Coal 

Shale,  carbonaceous 

Interval .• ^ 6 

Coal  bed  C.  

Totalcoal 11 


9 


7 
2 

4 

8 

11 


The  available  data  are  not  sufficient  to  warrant  a  definite  correla- 
tion of  these  local  beds,  but  it  is  suggested  that  the  coals  exposed 
above  bed  C  at  locations  58  to  63,  inclusive,  may  really  belong  to  one 
bed,  although  there  is  no  definite  rock  stratum  traceable  at  the  sur- 
face which  assures  such  a  correlation.  Between  locations  63  and  67 
none  of  these  beds  are  exposed,  but  from  locations  67  to  72,  inclu- 
sive, there  is  another  series  of  coal  exposures  above  bed  C  which  may 
also  all  belong  to  the  same  lens  or  bed,  though  they  may  or  may  not 
belong  to  the  beds  above  bed  C  at  locations  68  to  63.  All  this,  how- 
ever, is  mere  speculation  and  is  made  merely  as  a  tentative  suggestion. 

PHYSICAL  CHABAOTEB  AND  CHEHIOAL  COMPOSITION. 

The  coal  of  this  area  is  bituminous  in  grade  and  black  in  color. 
Much  of  it  exhibits  a  banded  appearance,  due  to  the  presence  of 
alternating  dull  aad  vitreous  layers.  In  many  exposures  the  coal 
is  a  hard  massive  bed  with  no  evidence  of  bedding  or  cleavage  planes 
within  the  coal  itself.  In  general,  however,  it  is  cut  by  a  system  of 
prominently  developed  right-angled  joints,  which  aid  much  in  pro- 
ducing a  high  percentage  of  ''lump^'  when  the  coal  is  mined,  many 
of  these  ''lumps"  being  too  large  to  be  easily  handled  by  one  man. 
The  coal  contains  hard  and  soft  layers  in  places,  but  as  a  rule  it  is 
dense  and  hard  to  pick.  The  common  feature  of  beds  A  and  B  is 
the  bone  and  shale  partings,  which  split  the  coal  bed  so  as  to  mate- 
rially reduce  its  value.  Bed  C  is  characterized  by  the  absence  of 
partings.  The  marked  jointing  present  in  the  coal  is  best  developed 
along  its  outcrop,  and  on  weathering  it  breaks  into  small  cubical 
blocks  and  finally  into  a  dark-brown  to  black  powder. 

The  coal  is  relatively  low  in  moisture,  ranging  from  6  to  7  per  ceot 
as  mined.    The  low  moisture  content  is  responsible  for  the  slow 
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veatheriug  or  disintegratioa  of  the  coal  od  ezposore  to  Qir  ita 
phere.    Coal  which  had  been  lying  ia  heaps  exposed  to  the  ra' 
for  a  year  or  more  was  practically  unaltered  in  appeanacf, 
therefore  of  very  good  stockiDg  quality. 

The  ooal  of  bed  A  in  the  ground  is  black  and  massiTe  but  h 
into  lai^  blocks  when  mined;  its  powder  is  brown,  and  it  A 
coking  qualities  when  the  Pisbel  *  coking  test  was  applieO. 

The  following  aoalysee  give  the  composition  of  ssmplca  II 
beds  A  and  B.     Sample    No.  17577F  from  bed  B  was  taiH 
a  mine  in  active  operation,  No.  1-A  (in  the  NE.  J  SW.  \  M.fl 
27}  of  the  American  Fuel  Co.  of  Utah.    Sample  No.  17578  [rom) 
A  was  taken  in  a  prospect  which  had  just  been  opened  at  loaltt 
at  a  point  85  feet  fratn  its  mouth.    This  place  is  probably  \» 
the  zone  of  appreciable  weathering  and  therefore  these  two  a) 
represent  the  freshest  coal  available.     The  samples  were  obtained 
cutting  a  channel  across  the  bed  and  excluding  those  portiotB»  I 
indicated  in  the  following  sections: 


Sectioni  of  eoal  btd  MompUd  i' 
XlM  Vo.  1-A,  1 JM  tHt  tut  <■(  op« 
Sandatone,  maadve. 
BIiftle» 

Coal,  bright,  blocky 

Cool,  dull,  probably  high  in 


Coal,  bright,  maarive 

Shftlo 

Coal,  bright,  maaeivo,  hartl.. 

Bone,  Inn'  in  ash 

Coal,  bright,  maflaive,  hanl.. 

Shale,  aandy' 

Shal«.> 


Si 


t  No.  1-A  and  in  protptct  at  toaitum  I*. 


Sandatone.* 
Shale» 

Co»l» , 

Shale  » 

Clfty« 

Coal,  bright, 
Shale.' 


After  cutting  the  sample,  collecting  it  on  a  waterproof  doth,  and 
breaking  it  into  pieces  small  enou^  to  pass  through  a.  half-inch  msA 
screen,  it  was  mixed  and  quartered  down  to  about  4  pounds,  sealed 
in  a  can,  and  mailed  to  tho  laboratory  of  the  Bureau  of  Mines,  it 
Pittsburgh,  Fa.,  where  the  analysis  was  made  by  standard  methoik. 
The  analysis  of  each  sample  is  given  in  four  forms,  marked  A,  B,  C, 
end  D.  Analysis  A  represents  the  condition  of  the  coal  at  the  punt 
in  tho  mine  from  which  the  sample  was  cut,  where  the  amount  of 
moisture  ia  lai^cly  an  accident.  This  form  is  therefore  not  wdl 
suited  for  comparison,  as  analyses  of  the  same  coal  made  in  this  my 
may  differ  greatly.    Analysis  B  shows  the  condition  of  the  aamide 
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No.  17577F:  Sample  from  mine  No.  1-A  of  American  Fuel  Co.,  of  Utah,  tikeBfaf 

F.  R.  Clark  from  bed  B  (middle  seam  Bear  coal)  at  point  1,200  feet  east  of  imi- 
opening.    Coal  unweathered.    The  entiie  bed,  containing  5  leet  S}  inchee  of  od 
from  floor  to  roof,  was  sampled. 

No.  17578:  Sample  from  prospect  at  location  14,  taken  by  F.  R.  dark  at  pcmtfi 
feet  east  of  opening  on  bed  A  (lower  seam  Bear  coal).  The  sample  was  cat  ta 
fresh  face,  but  coal  may  be  sli^tly  weattieied.  The  entize  lower  bendi  of  4  feflt 
3^  inches  of  coal  was  sampled. 

Nos.  12630  and  12631:  Samples  from  mhie  No.  8,  at  SunnyBide,  Utah.  No.  IM 
was  taken  by  F.  R.  Clark  from  upper  "vein"  at  a  point  If  milee  aonthvo^cf 
mouth  of  mine,  being  cut  from  face  of  second  crosscut  off  first  right  entry  of  No.  1 
rise.  The  entire  bed,  4  feet  8  inches  in  thickness  from  roof  to  floor,  was  sampki 
No.  12631  was  taken  by  F.  R.  Clark  from  lower  ''vein"  at  a  pdnt  1}  miles  from  nwoA 
of  mine,  from  ''the  dips"  (entries  going  down  the  dip  from  the  main  haulage  my). 
The  upper  6  feet  10  inches  of  the  8-foot  bed  of  coal  was  sampled. 

No.  12632:  Sample  from  mine  No.  1,  at  Sunnyside,  Utah,  taken  by  F.  R.  Ort 
from  lower  "vein  "  across  face  of  the  Fowler  slope.  The  lower  5  feet  5  inches  of  Ai 
7-foot  bed  was  sampled.  These  analyses  of  the  Sunnyside  coals  are  h^e  induded  u 
a  basis  for  comparison  with  the  coals  north  of  Thompson. 

No.  2097:  Sample  of  coal  from  Castlegate  mine,  Castl^gate,  Utah,  taken  by  J.  JL 
Taff  in  1905  from  the  east  part  of  mine,  10-foot  cut. 

No.  3550:  Sample  from  Cameo  mine  of  the  Grand  Junction  MlTiiTig  ^  Fuel  Co^ 
taken  by  G.  B.  Richardson  in  August,  1906,  from  the  Cameo  bed  in  room  No.  5  oS 
main  entry.  The  entire  bed,  8  feet  7  inches  in  thickness  from  roof  to  floor,  was  mat- 
pled,  except  a  1-inch  parting  about  2  feet  from  roof. 

No.  3541:  Sample  from  the  Palisades  mine,  Palisades,  Colo.,  taken  by  G.  B.  Bidt- 
ardson,  in  August,  1906,  from  the  Palisades  bed  in  room  No.  1,  west  entry.  Tht 
entire  bed,  3  feet  10  inches  in  thickness  from  roof  to  floor,  was  sampled. 

No.  3490:  Sample  from  the  Book  Cli^  mine  of  the  Book  Cliffs  Coal  Co.,  taken  hj 

G.  B.  Richardson  in  July,  1906,  from  the  Cameo  (?)  bed  in  the  west  entry.  Tlie 
whole  bed,  8  feet  6  inches  in  thickness  from  roof  to  floor,  was  sampled,  except  en 
8-inch  parting  near  the  middle. 

Nos.  3550,  3541,  and  3490  were  taken  from  mines  in  active  operation  and  therefore 
they  probably  represent  unweathered  coal.  These  analyses  are  here  given  for  the 
purpose  of  comparison  with  the  coals  mined  at  Thompson,  Utah. 

The  moisture  and  ash  are  important  factors  in  reducing  the  com- 
mercial value  of  coals.  They  not  only  displace  their  own  weights 
of  combustible  matter,  but  actually  use  up  part  of  the  heat  available 
during  the  combustion  of  the  coal.  The  rapidity  with  which  coal 
slacks  on  exposure  to  the  weather  depends  chiefly  on  its  percentage 
of  moisture.  The  higher  the  percentage  of  moisture  the  sooner  the 
coal  disintegrates  and  is  reduced  to  slack,  so  that  the  lower  the 
moisture  in  a  coal  the  better  is  its  stocking  quality.  The  high 
percentage  of  ash  not  only  increases  the  cost  of  handling  coal  in 
a  power  plant,  but  also  decreases  the  efficiency  of  the  furnace.  He 
composition  of  the  ash  as  well  as  its  percentage  in  the  coal  has  an 
effect  on  the  furnace.  Ash  is  composed  largely  of  silica,  alumina, 
iron,  and  lime,  and  an  ash  high  in  iron  and  lime  is  easily  fusible 
and  is  likely  to  clinker  badly. 


•  ■. 
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The  ratio  of  volatile  matter  to  the  fixed  carbon  indicates  in  a 
general  way  the  type  of  furnace  best  adapted  for  burning  any  coal. 
The  common  tjpe  of  furnace  will  bum  a  coal  low  in  volatile  matter 
without  throwing  off  much  smoke  (unbumed  carbon),  whereas  the 
smokeless  burning  of  a  highly  volatile  coal  requires  a  specially  con- 
structed furnace. 

The  theoretical  heating  value  of  the  coal  is  the  total  amount  of 
heat  developed  by  the  complete  combustion  of  a  unit  weight  of  fuel. 
The  calorie  is  the  quantity  of  heat  required  to  raise  the  temperature 
of  1  gram  of  water  1°  C.  at  its  maximum  density.  The  British 
thermal  unit  is  the  amount  of  heat  required  to  raise  the  tempera^ 
ture  of  1  pound  of  water  1°  F.  at  its  maximum  density,  39.1°  F. 
With  these  suggestions  in  mind,  a  close  study  of  the  analyses  (p.  470) 
will  give  the  relative  commercial  value  of  the  coals  represented  in 
this  table,  so  far- as  their  chemical  composition  affects  this  value. 

ESTIMATED  TONNAGE. 

All  coal  beds  in  this  area  measuring  14  inches  and  upward  were 
mapped  and  a  few  thin  beds  were  also  examined.  From  the  data  thus 
collected  the  tonnage  of  each  bed  and  of  each  of  the  smaller  lenses 
was  estimated,  and  the  results  added  to  give  the  total  tonnage  for  the 
area.  The  tonnage  of  the  local  thin  lenses  of  coal  adds  comparatively 
little  (less  than  7  per  cent)  to  the  total  tonnage  of  coal,  most  of  the 
coal  within  this  area  being  contained  in  the  three  principal  beds 
(A,  B,  and  C). 

The  data  available  for  making  this  estimate  relates  only  to  the  con- 
dition and  the  character  of  the  coal  at  the  surface,  as  shown  by  sec- 
tions measured  along  the  outcrops.  The  difficulty  of  making  such  an 
estimate  is  further  increased  by  the  fact  that  the  beds  are  badly 
''split"  by  partings,  which  materially  affect  the  thickness  of  the 
clean  coal  from  place  to  place,  even  between  near-by  sections. 

For  the  basis  of  this  estimate  of  tonnage  any  two  or  more  benches 
of  a  coal  bed  are  considered  as  two  or  more  individual  beds  if  the 
parting  between  benches  exceeds  in  thickness  the  thinner  of  the  two 
benches  which  it  separates.  The  minimum  workable  thickness  for  a 
bed  of  coal  of  this  grade  is  14  inches,  and  therefore  any  bench  of  coal 
less  than  14  inches  in  thickness,  which  by  the  above  rule  is  reduced 
to  an  individual  bed,  is  not  considered  in  computing  this  tonnage. 

The  figures  herein  given  were  computed  by  obtaining  the  general 
average  of  all  the  coal  in  each  of  the  beds  over  14  inches  thick  and 
considering  this  general  average  to  be  the  equivalent  of  the  solid  coal 
in  any  bed  throughout  the  area  if  the  beds  were  not  split  by  partings. 
These  figures  give  approximately  the  total  coal  underlying  this  area 
without  considering  how  much  of  this  quantity  may  in  practice  be 
mined. 
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Bed  A,  by  the  above  method  of  computation,  contains  approii- 
mately  8;020y080  short  tons  of  coal,  on  the  assumption  that  bed  A  k 
the  equivalent  of  a  uniform  bed  of  solid  coal  47  inches  thick  throu^ 
out  this  area;  bed  B  contains  approximately  5,644,800  short  tonfi,  od 
the  assumption  that  this  bed  is  the  equivalent  of  a  bed  of  solid  coal  40 
inches  thick  underlying  the  entire  area;  bed  C,  by  the  same  computa- 
tion, is  assumed  to  be  the  equivalent  of  a  bed  of  solid  coal  49  incha 
thick  over  the  whole  area,  which  gives  6,307,480  short  tons  of  coaL 

The  total  tonnage  of  all  the  local  lenses  over  14  inches  thick  and  not 
included  in  beds  A,  B,  and  C  is  approximately  1,368,800  short  toDs^ 
less  than  7  per  cent  of  the  quantity  contained  in  the  three  principal 
beds. 

Estimated  tonnage  by  beda  in  area  north  of  Thompeon,  Utah. 


Bed  A 8,020,080 

BedB 5,644,800 

BedC 6,307,480 

Local  thin  lenses 1,368,800 

21, 341, 160 

In  general  a  bed  of  coal  of  this  grade  1  foot  thick  contains  approxi- 
mately 1,800  tons  to  the  acre,  1,500  tons  of  which  may  be  mined  under 
favorable  conditions  and  a  minimum  of  1,000  tons  ynder  very  poor 
conditions. 

HISTORY  AND  DEVEIiOPMENT  OP  MINING. 

Coal  has  been  reported  in  the  Book  Cliffs  since  the  time  of  the 
earUest  explorers  of  this  region,  but  there  are  only  a  few  localities 
along  the  great  length  of  coal  outcrop  where  any  development  on  a 
commercial  basis  has  been  carried  on.  At  a  number  of  places,  how- 
ever, the  beds  have  been  prospected  and  worked  to  supply  ranchers 
and  small  towns. 

The  coal  in  the  area  under  discussion  attracted  little  attention  or 
economic  interest  until  some  time  in  1900,  when  Mr.  Ballard  and 
others  opened  a  mine  on  bed  B  at  location  39  and  sold  coal  under  the 
name  of  the  Ballard  Coal  Co.  This  mine  had  no  railroad  connection, 
and  in  order  to  place  the  coal  on  the  market  it  had  to  be  hauled  by 
wagon  a  distance  of  about  5  miles  to  Thompson,  on  the  Denver  &  Rio 
Grande  Railroad.  This  company,  however,  did  practically  nothing 
in  the  way  of  real  development,  their  mine  never  advancing  beyond 
what  would  ordinarily  be  called  a  prospect. 

Early  in  March,  1912,  the  American  Fuel  Co.  of  Utah  began  opera- 
tions on  the  property  on  which  the  Ballard  Co.  had  its  worldngs. 
They  shortly  afterward  built  good  substantial  buildings  to  house 
their  employees,  and  they  now  have  a  company  store,  post-office  and 
office  building,  a  clubhouse,  a  hotel,  shops,  and  buildings  for  the 
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workmen,  as  well  as  bams  for  the  mine  stock.  They  also  built  a 
branch  railroad  from  Thompson  to  the  mines  in  sec.  27,  T.  20  S.,  R.  20 
E.,  which  gives  them  an  easj  outlet  for  the  coal  mined. 

This  company  gave  the  name  of  ''Bear  coal"  to  the  coal  which  they 
contemplated  mining  in  this  region,  and  named  the  beds  lower,  mid- 
dle, and  upper,  which  correspond  respectively  to  beds  A,  B,  and  C  of 
this  report.  They  jGrst  started  development  on  bed  B  (the  middle 
bed)  on  both  the  east  (mine  No.  1-A)  and  west  (mine  No.  1-B)  sides 
of  the  Right  Fork  of  Thompson  Creek,  in  the  NE.  i  SE.  i  NW.  i  sec. 
27.  The  company  shipped  their  first  coal  to  the  market  in  October, 
1912,  but  did  not  reach  their  average  daily  output  of  150  tons  until  the 
beginning  of  January,  1913.  From  the  time  the  mines  were  opened 
in  October,  1912,  to  November,  1913,  they  mined  approximately 
47,500  tons  of  coal. 

The  development  has  probably  been  greatly  retarded  and  the 
expense  of  mining  the  coal  increased  by  reason  of  the  impurities  in 
the  coal  in  the  form  of  bone  and  shale  partings.  The  measurements 
along  the  outcrop  of  bed  B  show  the  coal  to  be  badly  "split"  by  bone 
and  shale,  the  occurrence  of  which  is  both  irregular  and  uncertain,  and 
the  underground  development  has  proved  the  existence  of  the  same 
conditions  away  from  the  outcrop.  The  workings  toward  the  west  in 
mine  No.  1-B  proved  the  bed  to  be  of  less  value  in  that  direction  than 
toward  the  east,  a  fact  which  is  very  well  shown  by  the  measurements 
along  the  outcrop.  The  development  in  the  west  workings  was  con- 
tinued for  several  months,  but  the  company  finally  abandoned  this 
mine  on  account  of  the  occurrence  of  a  thick  parting  of  shale,  which 
separated  the  coal  into  two  benches,  neither  of  which  was  thick 
enough  to  be  profitably  mined  by  itself. 

The  occmrence  of  these  bone  and  shale  partings  in  considerable 
quantities  in  bed  B  throughout  the  mine,  together  with  the  fact  that 
the  coal  is  generally  ''frozen"  to  the  bone  or  shale,  make  three  indi- 
vidual operations  necessary  for  the  removal  of  enough  of  the  impxui- 
ties  to  place  the  coal  on  the  market  in  competition  with  other  Utah 
and  Colorado  coals.  First,  after  the  coal  is  shot  from  the  face  the 
miner's  pick  is  used  to  cleave  the  coal  loose  from  the  bone  or  shale; 
second,  the  heap  must  be  hand  picked  to  remove  the  large  pieces  of 
waste;  and  third,  the  coal  is  washed  by  the  Standard  Stewart  jigs  to 
remove  the  fine  particles  of  bone  and  shale. 

It  is  estimated  that  by  these  operations  about  12  to  15  per  cent  of 
the  total  mine  production  is  removed  and  discarded  as  waste  material, 
and  that  the  average  reduction  in  the  ash  content  is  about  25  per 
cent.  As  the  removal  of  these  impxuities  is  an  expensive  operation 
the  company  abandoned  their  west  workings  when  their  advancing 
developments  showed  an  increasing  deterioration  in  the  coal  bed. 
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There  is  a  wide  difference  in  the  amount  of  the  impurities,  era 
over  local  areas.  At  the  point  from  which  the  sample  for  analjai 
17577F  was  cut,  the  whole  bed  from  floor  to  roof  was  being  mined 
and  the  ash  content  is  only  10.6  per  cent;  this,  however,  is  probably 
an  exceptional  condition,  and  possibly  within  a  very  short  distance 
more  than  half  of  the  same  total  thicbiess  would  have  to  be  exdoded 
in  mining. 

At  the  time  of  the  writer's  visit  the  company  were  just  beginning 
the  development  of  bed  A  Gower  bed),  which  they  considered  conid 
be  mined  much  more  economically  than  bed  B.  It  appears  from  the 
development  since  July,  1913,  up  to  December,  1913,  that  bed  A  is 
thicker  and  freer  from  bone  and  shale  partings  than  is  bed  B.  The 
worldly  were  nm  to  the  north  and  east  from  the  point  of  entry  (jnst 
west  of  location  14,  PI.  XXVIII).  Toward  the  east  the  showing  was 
very  good;  to  the  north  it  was  rather  poor  for  a  considerable  distance, 
beyond  which  6  feet  of  good  coal  appeared.  It  may  be  noted  tiiftt 
the  measxurements  on  the  outcrop  show  this  bed  to  be  more  constant 
in  thickness  and  to  contain  fewer  partings  toward  the  east  than 
toward  the  north  and  west. 

So  far  as  the  surface  exposures  reveal  the  true  character  of  a  cofti, 
bed  C  holds  out  more  inducements  for  extensive  profitable  devdop- 
ment  than  either  of  the  two  lower  beds.  It  everywhere  maintains  a 
fair  workable  thickness  and  is  characterized  by  the  absence  of  partings. 

The  ''Bear"  coal  makes  a  very  good  steam  fuel  and  finds  a  readj 
market  for  locomotive  use  on  the  main  line  of  the  Denver  &  Rio 
Grande  Railroad.  It  is  of  good  stocking  quality,  and  wherever  it  has 
been  tried  has  proved  to  be  a  good  domestic  fuel.  There  is  little 
doubt  that  if  it  can  be  profitably  mined  the  coal  Horn  the  Neslen  dis- 
trict will  find  a  place  in  the  markets  of  Utah,  Idaho,  Nevada,  and 
California. 

STONE  AVAIIiABLE  FOR  RAILROAD  CONSTRUCTION  AND 

OUTSIDE  MINE  BUILDINGS. 

The  sandstone  beds  of  this  region  have  been  extensively  used  in  the 
construction  of  the  railroad  to  the  coal  mines  and  for  mine  and  other 
buildings  at  Neslen.  They  have  also  attracted  some  attention  and 
interest  outside  of  the  local  use  as  a  source  of  building  material. 
These  beds  occur  in  the  upper  part  of  the  Mancos  shale  and  in  the 
Mesaverde  formation  and  form  vertical  cliffs  from  5  to  75  feet  in 
height.  They  are  massive,  more  or  less  friable,  quartzose  sandstones 
with  some  mica,  and  are  generally  free  from  serious  jointing  except 
locally.  The  rock  is  predominantly  gray  in  color,  though  some  of  it 
weathers  to  buff. 

Besides  the  stone  quarried  for  local  construction,  one  shipping 
quarry  had  been  in  operation  previous  to  the  writer's  visit,  but  at  that 
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time  work  was  suspended.  The  quarry  is  located  in  the  NE.  i  SW.  ^ 
SE.  i  sec.  33,  T.  20  S.,  R.  20  E.,  and  the  claim  is  owned  by  Walker 
Bros,  and  others.  It  is  reported  that  some  of  the  product  from  this 
quarry  has  been  shipped  to  Salt  Lake  City  for  building  stone.  The 
total  thickness  of  the  sandstone  at  the  quarry  is  over  75  feet.  The 
upper  10  to  15  feet  is  bedded,  the  individual  beds  ranging  from  2  to  6 
feet  in  thickness.  Approximately  the  next  60  feet  of  the  ledge  is 
massiye  and  coiitains  only  one  bedding  plane  near  the  middle.  Below 
this  massive  portion  occurs  another  bedded  deposit,  ranging  in  thick- 
ness from  10  to  20  feet  or  more,  in  which  the  beds  differ  from  a  few 
inches  to  a  few  feet.  This  grades  into  the  imderlying  typical  Mancos 
shale.  ThQ  massive  character  of  the  60-foot  bed  changes  from  place 
to  place,  being  locally  cut  by  bedding  and  joint  planes. 

The  stone  when  quarried  breaks  into  blocks  weighing  several  tons. 
In  the  yard  at  the  time  of  the  writer's  visit  were  blocks  ranging  from 
7  feet  by  1  foot  by  3  feet,  through  many  shapes  and  dimensions,  to 
cubes  4  feet  on  the  side.  The  blocks  break  with  clean-cut  edges  and 
the  fresh  surfaces  have  a  pleasing  gray  color. 

The  outcrop  of  this  bed  extends  for  many  miles  in  both  directions, 
and  an  inexhaustible  supply  of  the  stone  is  available.  There  are  also 
many  other  sandstone  ledges,  accessible  for  local  use,  higher  in  the 
geologic  section,  which  probably  contain  just  as  good  building  material 
but  are  not  so  accessible  to  the  railroad. 
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By  Frank  R.  Clabk. 


INTRODUCTION. 

The  field  here  described  was  examined  to  determine  whether  or  not 
coal  occurs  in  a  small  area  lying  west  and  southwest  of  Wales,  near 
the  base  of  the  east  face  of  the  Gunnison  Plateau.  Coal  was  found 
in  two  zones.  The  lower  coal  zone  outcrops  near  the  base  of  the 
east  face  of  the  plateau  and  the  upper  near  the  top.  The  lower  zone 
contains  bituminous  coal  of  some  economic  value,  but  the  coal  is 
probably  irr^ular  in  thickness,  ranging  from  1  foot  to  5  feet,  and  abo 
n  character,  being  badly  spUt  by  bone  and  shale  partings.  The  upper 
zone  contains  only  very  thin  lenses  of  coal  interstratified  with  ca^ 
bonaceous  shale  and  day  and  is  of  no  economic  value. 

Sanpete  Valley  trends  northeast  to  southwest  across  Sanpete 
Coimty,  in  central  Utah.  (See  fig.  17,  p.  454.)  It  lies  between  two 
great  upland  masses,  Wasatch  Plateau  on  the  east  and  Gimmson 
Plateau  on  the  west,  and  is  drained  by  San  Pitch  River,  the  principal 
northern  tributary  of  Sevier  River. 

Wales,  one  of  the  smallest  of  several  thriving  towns  in  Sanpete 
Valley,  is  in  the  western  part  of  the  valley  at  the  base  of  Gunnison 
Plateau.  The  area  here  described  includes  the  eastern  parts  of  Tps. 
15  and  16  S.,  R.  2  E.,  Salt  Lake  base  and  meridian,  and  lies  west  and 
southwest  of  Wales.     (See  PI.  XXIX,  p.  484.) 

The  field  examination,  made  by  the  writer  in  the  early  part  of 
September,  1913,*  was  of  a  reconnaissance  nature  and  was  made  for 
the  purpose  of  obtaining  general  information  regarding  the  quality 
and  quantity  of  the  coal  and  of  determining  the  probable  limits  of 
the  land  containing  coal  of  economic  importance.  The  writer  was 
assisted  in  the  field  examination  by  G.  W.  Clark.  The  citizens  of 
Ephraim,  Utah,  courteously  gave  much  information  r^arding  the 
roads  and  trails  as  well  as  the  coal  and  coal  prospects.  The  writer 
wishes  also  to  acknowledge  the  assistance  rendered  by  H.  R.  Thomas, 
of  Wales,  who  gave  some  interesting  facts  relating  to  the  coal  and  made 
possible  the  notes  herein  given  on  the  history  of  its  early  development. 

1  Although  this  work  was  done  In  1913,  the  unavoidable  delay  In  publishing  the  Borvej^a  annual  TuhSBi 
including  short  reports  on  work  done  In  that  year  has  made  It  desirable  to  Include  this  report  in  the  yftaiM 
for  1912. 
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fieijD  work. 

Owing  to  the  reconnaissance  nature  of  the  examination  no  attempt 
was  made  either  to  meander  or  to  map  accurately  points  on  the 
outcrops  of  the  coal  beds.  The  only  points  at  which  the  coal  was 
studied  are  shown  on  the  map  (PI.  XXTK,  p.  484)  by  the  numbers 
1  to  11  and  the  approximate  position  of  the  lower  zone  at  which  coal 
occurs  is  shown  by  a  broken  line.  This  position  in  T.  15  S.,  R.  2  E., 
was  inferred  from  data  given  on  the  General  Land  Office  plat,  whereas 
the  position  in  T.  16  N.,  R.  2  E.,  was  roughly  located  by  the  writer 
from  the  near-by  Government  land  comers.  The  position  of  the 
outcrop  as  shown  on  the  map  is  therefore  only  approximately  correct. 
The  dip  and  strike  observations  recorded  on  the  map  are  based  on 
observations  made  with  a  Brunton  compass  at  these  points. 

The  field  work  also  included  visiting  as  many  mines  and  prospects 
as  time  would  permit  and  collecting  a  niunber  of  samples  for  analysis. 

PREVIOUS  REPORTS. 

The  area  here  described  is  shown  on  the  map  made  by  the  Wheeler  * 
Survey  and  lies  at  the  northern  extremity  of  the  country  studied  and 
mapped  by  Dutton.*  E.  D.  Cope  *  in  1880  published  a  short  discus- 
sion on  the  Manti  beds  of  Utah. 

These  reports  deal  only  with  the  broad  geologic  features  of  the 
region  and  make  no  mention  of  the  presence  of  coal  or  other  geologic 
phenomena  of  local  interest. 

G.  B.  Richardson,^  however,  in  1906  published  a  report  which  not 
only  deals  with  the  general  geology  of  Sanpete  Valley  but  also  treats 
of  coal  near  Wales,  in  the  northern  part  of  the  valley,  and  at  Sterling, 
in  the  southern  end  of,  the  valley.  Richardson  published  a  second 
report  •  in  1907,  which  deals  with  the  general  geology  in  its  relations 
to  underground  water. 

TOPOGRAPHY. 

Sanpete  Valley  is  a  long,  narrow,  comparatively  flat  valley  that 
lies  between  the  Wasatch  Plateau  on  the  east  and  the  Gimnison 
Plateau  on  the  west.  The  general  level  of  the  Wasatch  Plateau  above 
the  valley  floor  is  about  5,000  feet  and  that  of  the  Gimnison  Plateau 
is  about  3,000  feet.  The  west  face  of  the  Wasatch  Plateau  is  a 
steeply  dipping  monocline,  and  the  slopes  in  general  follow  the 
bedding  planes  of  the  underlying  rocks  except  where  they  have  been 

>  Wheetor,  O.  M.,  U.  8.  Oaog.  Surveys  W.  100th  Mer.,  atlas  sheets,  expeditions  of  1872  and  1873. 
s  Datton,  C.  E.,  The  geology  of  the  high  plateaus  of  Utah:  U.  8.  Oeog.  and  Oeol.  Survey  Rooky  Mtn. 
feglon,  1880. 

•  Cope,  B.  D.,  The  MantI  beds  of  Utah:  Am.  Naturalist,  vol.  14,  p.  303, 1880. 

« Rtohantoop,  0.  B.,  Coal  tn  8anpete  County,  Utah:  U.  8.  Oeol.  Survey  BulL  285,  pp.  280-284, 1906. 

•  RlebardaoQ,  O.  B.,  Underground  water  In  Sanpete  and  oentnU  Sevier  valleys,  Utah:  U.  S.  Oeol.  Survey 
Water-Supply  Paper  IW,  1907. 


480        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1912,  PABT  H. 

deeply  cut  by  erosion.    The  east  front  of  the  Gunnison  Plateau  rises 

abruptly  from  the  valley  and  is  thoroughly  dissected  by  numerous 

drainage  channels,  many  of  which  are  deep  canyons.    The  valley 

floor  slopes  gently  southward  as  well  as  toward  its  center,  along 

which  San  Pitch  River  meanders.    There  are  several  small  perennial 

streams  in  the  dissected  portion  of  the  Gunnison  Plateau,  but  only  a 

few  flow  beyond  the  mouths  of  their  canyons  except  during  periods 

of  flood. 

STRATIGRAPHY. 

The  oldest  rocks  exposed  in  the  vicinity  of  Wales  are  the  beds  of 
coarse  reddish  to  gray  conglomerate,  which  outcrop  aloi^  the  base 
of  the  east  f^e  of  the  Gunnison-  Plateau.  This  rock  is  composed  of 
well-rounded  pebbles  of  quartz,  quartzite,  and  limestone  of  varying 
colors  embedded  in  a  well-cemented  matrix  of  coarse  sand.  The 
rocks  immediately  associated  with  the  coal  are  in  general  calcareous 
sandstone,  calcareous  shale,  sandstone,  shale,  or  clay.  The  strata 
exposed  in  the  east  face  of  the  Gimnison  Plateau  above  the  coal  are 
for  the  most  part  limestone,  shale,  and  sandstone.  The  immediate 
association  of  coal  with  calcareous  sandstone  and  shale  both  above 
and  below  it,  though  generally  an  imusual  occurrence,  is  very  common 
in  this  area.  In  Coal  Canyon  and  southward  the  calcareous  sand- 
stone immediately  associated  with  the  coal  is  overlain  by  massive 
beds  of  conglomerate  and  conglomeratic  sandstone  a^regating  200 
to  300  feet  in  thickness. 

According  to  Richardson  the  rocks  associated  with  the  coal  are 
Wasatch  (Tertiary),  whereas  the  heavy  beds  of  conglomerate  that 
underlie  them  are  probably  Mesozoic  and  may  prove  to  be  restricted 
to  the  Cretaceous.  In  the  writer's  study  of  the  coal  and  the  rocks 
associated  with  it  no  fossils  or  other  evidence  of  the  age  of  the  rocks 
were  foimd,  but  some  doubt  is  thrown  upon  this  interpretation  by 
the  fact  that  in  Coal  Canyon,  in  sec.  14  and  southward,  heavy  beds 
of  conglomerate,  100  to  200  feet  in  thickness,  occur  above  as  well  as 
below  the  coal-bearing  rocks.  Although  it  is  not  definitely  known 
it  is  believed  that  the  coal  occurs  in  only  one  general  zone;  if  so,  the 
occurrence  of  similar  conglomerates  above  and  below  the  coal  sug- 
gests that  these  rocks  are  probably  all  of  the  same  age,  and  may  be 

Wasatch. 

STRUCTURE. 

In  this  area  the  rocks  exposed  in  the  east  face  of  the  Gimnison 
Plateau  dip  westward  at  angles  ranging  from  a  few  degrees  near  the 
summit  to  about  15^  near  the  base.  Several  places  were  noted 
along  the  base  of  the  plateau  where  the  structure  changes  abruptly 
from  gently  westward  dipping  strata  to  beds  either  perpendicular  or 
overturned  and  dipping  steeply  to  the  east,  making  an  almost  right- 


GOAL  KBAB  WALES,  8ANFBTB  OOUKTY,  UTAH.  481 

angled  turn.  The  structure  of  the  rocks  was  examined  in  detail  only- 
near  the  mouth  of  Coal  Creek,  where  a  thrust  fault  from  the  east, 
resulting  from  the  breaking  of  a  partly  overturned  fold,  is  very 
apparent.  (See  structure  section  A-B  in  PI.  XXIX.)  It  was  not 
possible  to  determine  the  displacement  of  the  strata  at  this  point. 

According  to  Richardson  a  well-defined  fault  extends  along  the 
base  of  the  Gunnison  Plateau  on  the  west  side  of  Sanpete  Valley. 
This  fault  will  not  affect  the  development  of  the  coal  because  all  the 
coal  lies  on  the  west  side  of  the  fault  plane.  The  abrupt  fold  in  the 
strata  near  the  base  of  the  plateau  above  mentioned,  however,  has 
produced  dips  as  steep  as  64^  in  the  coal  bed  at  the  outcrop,  but  these 
dips  decrease  to  15^  and  less  within  a  short  distance  to  the  west. 

THE  COAIi. 
GBNBBAL  GELABAOTBB. 

The  coal  at  the  base  of  the  Gunnison  Plateau  is  bituminous  and  is 
locally  finipposed  to  possess  coking  qualities.  It  is  black  and  in  some 
places  exhibits  banded  structure  due  to  the  alternation  of  dull  and 
vitreous  layers.  The  coal  at  some  of  the  points  visited  occurs  in 
hard  and  soft  layers,  but  in  general  it  is  massive  and  hard  to  pick. 
The  bed  is  usually  badly  split  by  bone  and  shale  partings,  as  is  well 
shown  in  the  graphic  sections  (PI.  XXIX,  p.  484). 

The  horizons  at  which  coal  is  f  oimd  are  here  designated  coal  zones 
for  the  reason  that  it  is  not  definitely  known  whether  the  coal  is 
present  in  one  continuous  bed  or  in  a  series  of  lenses,  the  points  of 
which  may  or  may  not  overlap  at  some  places.  The  evidence  at 
hand,  however,  seems  to  favor  the  assimiption  that  the  coal  is  more 
or  less  lenticular. 

Ten  detailed  coal  sections  were  measured  along  the  outcrop  of  the 
lower  coal  zone,  which  is  near  the  base  of  the  moimtains.  The  loca- 
tion of  each  section  and  its  graphic  representation  are  shown  on 
Plate  XXIX.  The  locations  are  numbered  consecutively  (1  to  10) 
from  south  to  north. 

MINES  AND  PBOSPBCTS. 

At  location  1  the  coal  bed  had  been  faced  up,  but  no  development 
work  has  been  undertaken.  The  coal  here  occurs  in  four  benches  as 
shown  in  the  section  in  Plate  XXIX.  The  upper  bench  is  overlain 
by  sandy  shale  and  the  lower  bench  is  underlain  by  shalo  containing 
more  or  less  carbonaceous  matter  that  occurs  as  small  lenses  or  as 
particles  disseminated  through  the  shale.  Southward  from  a  point 
about  1,500  feet  south  of  location  1  the  outcrop  of  this  coal  bed  is 
concealed  by  material  recently  deposited  near  the  foot  of  the  moun- 
tains. 

.      365*— BulL  541—14 « 
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Location  2,  on  the  north  side  of  the  gulch,  marks  the  month  of  an 
old  drift  prospect;  which  follows  the  strike  of  the  coal  bed  for  about 
60  feet.  The  coal  is  here  2  feet  3  inches  thick  and  contains  only  two 
1-inch  shale  partings.  It  is  underlain  by  shale  and  overlain  by 
carbonaceous  shale. 

The  only  locality  in  which  the  outcrop  of  the  coal  was  actualfy 
meandered  lies  between  locations  3  and  5,  where  the  following  facte 
were  observed :  The  exposures  at  location  3  are  poor  and  the  coal  is 
badly  weathered  at  the  surface,  where  only  coal  "smuf  (coal  higbl^ 
disintegrated)  is  exposed.  Northward  from  this  point  the  expos^ares 
are  good  and  midway  between  locations  3  and  4  the  coal  is  replaced 
by  bliush-gray  clay.  At  location  4,  about  500  feet  north  of  location  3, 
the  coal  appears  at  the  surface  in  two  beds  separated  by  9  feet  of 
bluish-gray,  highly  sandy,  calcareous  shale.  The  lower  bed,  2  feet 
thick,  is  composed  of  layers  of  coal  and  bone  interbedded.  The 
upper  bed  is  composed  of  12  inches  of  good  coal  and  has  a  1-inch 
shale  parting  4  inches  from  the  bottom. 

Location  5  marks  the  mouth  of  a  mine  in  Coal  Canyon  which  is 
operated  during  the  winter  by  John  Reese  and  others,  the  coal  being 
hauled  by  wagon  to  supply  the  needs  of  near-by  settlers.  A  sample 
for  analysis  representing  tiie  entire  bench  of  clean  coal  w^as  collected 
in  this  mine  at  a  point  300  feet  northeast  from  the  mine  mouth.  The 
results  of  the  analysis  (No.  17715)  are  given  on  page  486.  The  coal  at 
the  point  sampled  (see  section  5,  PI.  XXIX)  occurs  in  one  bench 
1  foot  8  inches  thick,  overlain  by  shale  and  underlain  by  11  inches  of 
bone  that  is  mined  but  discarded  when  the  coal  is  loaded  into  the 
mine  cars.  As  may  be  inferred  from  the  foregoing  observations,  made 
at  near-by  points  along  the  outcrop,  this  coal  is  lenticular  and  uncer- 
tain in  its  occurrence. 

At  locations  6  and  7  in  Indian  Pete  Canyon,  in  sec.  2,  T.  16  S.,  R.  2 
E.,  there  are  two  abandoned  mines,  one  on  either  side  of  the  canyon. 
The  bed  in  this  vicinity  is  very  irregular  in  thickness  and  character  as 
shown  by  coal  sections  6  and  7  (PI.  XXIX).  The  total  thickness  of 
coal  at  location  6  is  5  feet  2  inches,  whereas  at  location  7,  just  across 
a  narrow  canyon  bottom,  it  is  only  3  feet  5  inches.  The  mine  on  the 
south  side,  at  location  6,  was  one  of  the  first  coal  mines  opened  in 
Utah  and  perhaps  more  coal  has  been  removed  from  it  than  from  any 
other  mine  in  this  area.  The  development  was  continued,  it  is 
reported,  imtil  the  mine  was  flooded  by  water,  when  it  was  closed 
down  and  has  never  been  reopened.  Water  almost  completely  fiQed 
the  workings  of  the  mine  at  the  time  of  the  writer's  visit.  Tta 
section  of  coal  at  location  6  was  measured  near  the  mouth  of  the  inBe 
just  above  the  upper  edge  of  the  water.  The  mine  at  locatua  TlH 
opened  some  time  after  the  one  at  location  6  and  the 
has  not  been  so  extensive.    A  sample  for  analysis 
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locatdon  7  and  the  results  of  this  analysis  (No.  17717)  are  given  in 
the  table  on  page  486.  That  portion  of  the  bed  included  in  the  sample 
is  shown  in  section  7  (PL  XXIX). 

The  mine  at  locations  8  and  9,  operated  by  H.  R.  Thomas,  of  Wales, 
is  situated  in  sec.  35,  T.  15  S.,  R.  2  E.,  in  what  is  locally  known  as  Old 
Canyon.  The  coal  here  mined  is  sold  to  the  people  of  Wales  and 
near-by  small  towns.  The  total  production  has  been  rather  large 
for  a  local  mine.  Location  8  marks  the  mouth  of  this  mine  and 
location  9  the  point  in  the  mine  at  which  the  sample  for  analysis 
was  collected.  The  results  of  this  analysis  (No.  17718)  are  given  in 
the  table  on  page  486  and  that  part  of  the  bed  included  in  the  sample 
is  shown  in  section  9  (PI.  XXIX).  The  sections  measured  at  loca- 
tions 8  and  9  show  a  great  difference  in  the  thickness  of  the  coal,  as 
well  as  in  the  thickness  and  arrangement  of  the  coal  benches  and 
the  partings  between  them,  as  is  at  once  apparent  on  comparing 
them.  The  total  thickness  of  coal  at  the  mouth  of  the  mine  is  about 
5  feet,  whereas  at  the  point  sampled  it  is  only  about  3  feet.  The 
rocks  immediately  above  and  below  the  coal  are  calcareous  sandstone 
and  calcareous  sandy  shale. 

At  location  10,  in  sec.  26,  T.  15  S.,  R.  2  E.,  the  coal  was  examined 
in  an  unworked  mine  on  the  south  side  of  what  is  locally  called  New 
Canyon.  This  mine  is  now  abandoned  and  it  is  not  known  how 
mudh  coal  was  removed.  A  mine  has  also  been  opened  on  the  north 
side  of  the  canyon,  but  the  opening  has  been  closed  by  caving.  At 
practically  all  the  mines  and  prospects  visited  the  coal  bed  possesses 
a  good  roof,  either  a  sandy  shale,  calcareous  sandstone,  or  calcareous 
sandy  shale.  It  is  very  firm  and  requires  Uttle  or  no  propping.  In 
mines  which  have  been  abandoned  for  years  the  roof  is  apparently  as 
firm  as  ever. 

The  present  examination,  which  terminated  at  location  10,  suggests 
that  the  coal-bearing  zone  contains  beds  of  workable  thickness  as  far 
south  as  Coal  Canyon.  It  is  reported  by  H.  R.  Thomas  that  a  coal 
bed  of  this  zone  is  of  similar  thickness  and  character  for  a  mile  or  two 
northward  from  New  Canyon,  but  that  beyond  a  point  a  few  miles 
north  of  location  10  the  coal  decreases  in  thickness  imtil  in  the 
vicinity  of  sec.  3,  T.  15  S.,  R.  2  E.,  it  is  too  thin  to  be  of  any  economic 
importance. 

It  may  be  inferred  from  the  foregoing  observations  made  at  points 
along  the  outcrop  that  this  coal  is  more  or  less  lenticular  in  character 
and  imcertain  in  its  occurrence,  as  well  as  badly  split  by  partings. 
It  is  believed  by  some  who  are  not  iidiolly  familiar  with  coid  mining 
that  any  kind  of  surfaoe  "Aamog*^  jrf  <ii>d[  is  snffiaient  to  develop 
into  a  good  bed  if  it  be  pOMligllljjII^ 
6qiial|  how0VW|  of  itV;^ 
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fewer  or  more  impurities  than  at  the  outcrop.  It  is  much  safer  to 
consider  that  the  bed  will  be  no  thicker  inward  from  the  outcrop  than 
to  assume  that  it  may  greatly  increase  in  value. 

The  coal  which  outcrops  near  the  summit  of  Gimnison  Plateau  may 
belong  to  a  coal-bearing  zone  composed  of  a  series  of  lenses  or  it  may 
represent  a  single  stratigraphic  horizon.  It  is  here  designated  a  zone. 
Only  one  measurement  of  the  coal  in  this  zone  was  obtained.  This 
measurement  was  made  at  location  11  in  sec.  18,  T.  16  S.,  B.  2  E.,  in 
an  old  drift  prospect  which  extended  a  few  himdred  feet  into  the  hill 
along  the  supposed  coal  bed.  It  is  reported  that  the  prospectors 
hoped  that  as  the  bed  was  penetrated  it  would  increase  in  thickness, 
improve  in  quality,  and  contain  fewer  and  thinner  partings.  At  the 
time  of  the  writer's  visit  the  drift  was  in  places  almost  wholly  filled 
with  material  that  had  caved  from  the  sides  and  roof,  and  the  presence 
of  water  prevented  an  examination  of  the  drift  at  its  farther  end. 
Section  11  (PL  XXIX)  gives  the  character  and  thickness  of  the  bed 
near  the  mouth  of  the  drift.  The  shale  near  the  middle  of  the  section 
and  overlying  the  1-inch  bench  of  coal  contains  many  fragments  of 
fossil  shells  which  are  too  fragile  to  admit  of  collection  for  identifica- 
tion. The  10-inch  bed  of  shale  in  the  section  also  contains  many 
fragile  fossil  shells.  The  coal  is  of  poorer  quality  than  that  of  the 
lower  zone.  The  total  thickness  of  coal  here  does  not  exceed  9  inches 
and  this  thin  bed  is  spUt  by  partings  into  four  benches.  It  occurs  in 
such  thin  lenses  that  it  gives  Uttle  promise  of  ever  being  of  economic 
value. 

It  was  reported  by  residents  of  this  region  that  another  drift  was 
opened  a  few  miles  northward,  in  Axhandle  Creek,  in  a  bed  of  coal 
supposedly  belonging  to  this  same  zone.  Opportimity  was  not 
afforded  to  the  writer  to  visit  this  prospect,  but  it  was  said  that  the 
iadications  of  coal  are  not  nearly  so  good  as  they  are  at  location  11. 
If  this  report  be  true  it  is  safe  to  assume  that  coal  of  economic  im- 
portance will  probably  not  be  foimd  at  either  of  the  above  prospects. 

The  area  south  and  east  of  location  1 1  was  very  hurriedly  examined 
in  search  of  additional  outcrops  at  the  horizon  of  the  coal  described 
above,  but  no  signs  of  coal  were  found  and  it  is  quite  probable  that 
no  coal  of  any  commercial  value  will  be  found  at  this  upper  horizon. 

CHEMICAIi  COMPOSITION. 

The  analyses  given  on  page  486  show  the  composition  of  samples 
collected  from  three  mines,  which  are  well  distributed  over  the  area 
west  and  southwest  of  Wales.  The  analyses  of  coals  from  Carbon 
County,  Utah,  are  also  included  in  this  table  for  convenience  in 
making  comparisons.  The  samples  from  the  vicinity  of  Wales  were 
made  by  cutting  a  channel  across  the  bed  and  excluding  those  por- 
tions so  indicated  in  the  following  sections: 
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Section  of  coal  sampled  (No.  17716)  in  mine  of  John  Reeee,  in  fee.  14,  T.  16  S,,  R,  t  E., 

at  a  point  SOO/eet  northeast  from  opening. 

Shale,  calcareous.  Ft.  in. 

Coal,  bright,  hard,  and  blocky 5 

Coal,  dull,  flinty,  and  masedve 5 

Coal,  bright,  lustrous 2 

Coal,  dull,  flinty,  and  massive 8 

Bone  1 11 

Shale,  brown 1      6 

Total  coal 1      8 

Section  of  coal  sampled  (No,  17717)  in  North  Tunnel  mine,  in  Indian  Pete  Canyon,  in 

sec.  t,  T.  16  S.,  R.  2  E.,  at  a  point  SOO  feet  from  opening. 

Sandstone,  calcareous.  Ft.   In. 

Coal,  bright 1      3 

Shale,  brown,  sandy  * 4 

Shale,  thinly  laminated,  containing  thin  coal  lenses  ^ 1      6 

Coal 3 

Shale,  sandy  * IJ 

Coal 4 

Shale,  sandy  * 1 

Coal,  bright 6 

Shale,  grayish  brown,  sandy  ^ 6 

Coal,  bright 1      1 

Bone » 3 

Shale.  

Total  coal 3      6 

Section  of  coal  sampled  (No.  17718)  in  mine  ofH.  R.  Thomas,  in  Old  Canyon,  in  see,  S5, 

T.  15  8.,  R.  t  E.,  at  a  point  1,400  feet  north  from  opening. 

Sandstone,  calcareous.                                                                     Ft  In. 

Coal,  alternating  dull  and  light  bands 6 

Coal,  hard,  massive,  with  few  very  bright  bands 1 

Bone I 

Coal,  bright 5i 

Bone ^ 

Coal,  bright,  massive 1  2J 

Bone» 8 

Coal,  bright  1 2 

Shale,  sandy,  calcareous  * 1  2 

Total  coal 3      4 

After  cutting  the  sample  from  the  face  of  the  bed,  collecting  it  on 
a  waterproof  cloth,  and  breaking  the  coal  small  enough  to  pass  a 
half-inch  mesh  screen,  it  was  quartered  down  to  about  3  or  4  pounds, 
sealed  in  an  air-tight  can,  and  mailed  to  the  laboratory  of  the  Bureau 
of  Mines  at  Pittsburgh,  Pa.,  where  the  analysis  was  made  by  standard 
methods. 

>  Exploded  from  aample. 
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The  analysis  of  each  sample  is  given  in  four  forms,  marked  A,  B, 
C,  and  D.  Form  A  lepresents  the  character  of  the  coal  in  the  mat 
at  the  point  from  which  the  sample  was  cut.  The  moisture  in  this 
form  is  largely  a  matter  of  chance,  and  analysis  A  is  therefore  not 
well  suited  for  comparison.  Form  B  gives  the  composition  of  the 
coal  after  air  drying  at  a  temperature  slightly  above  the  uomal 
room  temperature  until  its  weight  remains  constant.  This  fonn  ia 
the  one  best  adapted  for  the  comparison  of  two  or  more  coala  is 
regards  their  fuel  value.  Form  C  represents  the  condition  of  the 
sample  after  aU  the  moisture  has  been  expelled.  Form  D  rcpre- 
sentfi  the  coal  free  from  both  moisture  and  ash,  and  is  supposed  to 
represent  the  true  coal  substance  free  from  the  most  important 
impurities.  Forms  C  and  D  are  obtained  from  the  oUiers  by  recalcu- 
lation and  should  not  be  used  for  ordinary  comparison,  as  they  rep- 
resent theoretical  conditions  that  do  not  exist. 

In  analytical  work  it  is  not  possible  to  determine  the  proximate 
constituents  of  coal  with  the  same  degree  of  accuracy  as  the  ultimate 
constituents.  Therefore  the  air-diying  loss,  moisture,  volatile 
matter,  fixed  carbon,  and  ash  are  given  to  one  decimal  place  only, 
whereas  in  the  ultimate  analysis  the  ash,  sulphur,  hydn^n,  carbon, 
nitrogen,  and  oxygen  are  given  to  two  decimal  places.  As  the 
calorific  determination  to  individual  units  is  not  reliable,  in  the 
column  headed  "Calorics"  the  heat  values  are  given  to  the  nearest 
five  units  and  in  the  column  headed  "British  thermtj  units"  they 
aro  given  to  the  nearest  10  units. 
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No.  17715:  Sample  of  coal  from  tlie  John  Reeee  mine  in  Coal  CanyoD,  taken  by  F. 
B.  Clark  in  September,  1913,  at  a  point  300  feet  north  of  mouth  of  mine.  The  coftl 
in  this  sample  may  have  been  alightty  weathered.  Total  thicknew  of  bed,  1  foot  8 
itLchea,  waa  included  in  the  sample. 

No.  17717:  Sample  of  coal  from  the  North  Tunnel  mine  in  Indian  Pete  Canyon, 
taken  by  F.  R.  Clark  in  September,  1913,  at  a  point  300  feet  north  of  opening  of  the 
mine.  The  coal  in  this  sample  may  have  been  slightly  weathered.  Section  on  page 
4S5  sbowB  part  of  bed  included  in  sample. 

No.  17718:  Sample  of  coal  from  the  mine  of  H.  R.  Thomas  m  Old  Canyon,  taken  by 
F.  R.  Clark  in  September,  1913,  from  working  foce  of  room  6,  about  1,400  feet  north 
of  mine  mouth.  The  coal  in  this  sample  was  fresh  and  unweathered  and  that  part 
of  the  bed  included  in  the  sample  is  shown  in  the  section  on  page  485. 

No.  12B31:  Sample  of  coal  from  the  Utah  Fuel  Co.'a  mine  No.  3,  at  Sunnyside, 
Utah,  taken  by  F.  R.  Clark  from  the  upper  6  feet  10  inches  of  the  S-foot  bedof  coal. 

No.  2097:  Sample  of  coal  from  Castlegate  mine,  Castlegate,  Utah,  Uken  by  J.  A. 
TaS  in  1905  from  the  east  part  of  mine,  10-foot  cut. 

No.  2541:  Sample  of  coal  from  the  Winterquarters  bed,  in  the  Winterquarten  mine 
of  the  Pleasant  Valley  Coal  Co.,  taken  by  J.  A.  TaS  in  1905  from  the  eoutbeaet  part  of 
mine  at  a  point  6,000  feet  from  mine  mouth.  The  entire  bed,  16  feet  in  thickneee, 
was  sampled. 

It  will  be  found  on  comparing  the  anKlyses  of  the  coal  near  Wales 
■with  those  of  the  coals  from  Carbon  County,  that  there  are  marked 
differences  in  some  of  the  constituents,  namely:  The  air-drying  loss 
and  the  moisture  are  very  low  in  the  Wales  coal  and  much  less  than 
they  are  in  the  others;  the  volatile  matter  is  appreciably  less;  and 
the  fized  carbon  is  only  1  to  3  per  less  cent,  showing  probably  an 
equal  rank  for  the  Wales  coal,  but  its  efficiency  is  impaired  by  the 
higher  percentage  of  sulphur  and  ash.  The  ratio  of  the  air-drying 
loss  in  the  samples  from  the  Wales  coal  is  significant  because  as  the 
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degree  of  weathering  of  the  coal  increases  the  air-drying  loss  decreases. 
For  instance,  in  sample  17716,  the  most  highly  weathered  coal  of 
the  three  samples,  the  air-drying  loss  was  only  0.1  per  cent,  whereas 
in  the  perfectly  fresh  sample,  17718,  the  air-drying  loss  is  0.8  per  cent. 
The  ash  and  sulphm*,  however,  are  very  much  greater  in  the  Wales 
coal  than  in  the  coals  from  Carbon  Coimty,  and  the  heating  value  of 
the  Wales  coal  in  forms  A,  B,  and  C  is  much  less  than  that  of  the  other 
coals,  but  if  found  low  in  ash  at  some  point  it  should  show  a  high 
calorific  value. 

The  rapidity  with  which  a  coal  disintegrates  and  is  reduced  to 
slack  depends  lai^ely  on  the  percentage  of  moistiu*e  that  it  contains. 
Therefore  a  coal  with  a  lower  percentage  of  moisture  has  stocking  qual- 
ities superior  to  those  of  a  coal  higher  in  moisture.  On  this  basis  the 
Wales  coal,  being  lower  in  moistm*e,  probably  possesses  better  stock- 
ing qualities  than  any  of  the  Carbon  Coimty  coals  here  given.  A 
high  percentage  of  moisture  in  a  coal  is  also  objectionable  because 
the  moisture  replaces  its  weight  of  combustible  matter,  and  also  the 
evaporation  dining  the  combustion  of  the  coal  uses  up  part  of  the 
available  heat. 

The  ratio  of  the  volatile  matter  to  the  fixed  carbon  indicates  in  a 
general  way  the  type  of  fmnace  best  adapted  for  burning  a  coal  with 
a  maximum  efficiency.  A  coal  low  in  volatile  matter  may  be  burned 
in  the  common  type  of  furnace  without  throwing  off  much  smoke 
(imbumed  carbon),  but  the  smokeless  biuTiing  of  a  coal  high  in 
volatile  matter  requires  a  specially  constructed  furnace. 

The  percentage  of  ash  in  a  coal  also  materially  affects  its  commer- 
cial value.  The  ash  not  only  displaces  its  own  weight  of  combustible 
matter  but  during  combustion  a  part  of  the  available  heat  is  used  in 
heating  the  ash.  The  high  percentage  of  ash  increases  the  cost  of 
shipping  as  well  as  the  cost  of  handling  the  coal  in  a  power  plant,  and 
also  decreases  the  efficiency  of  the  furnace. 

A  high  percentage  of  sulphur  is  objectionable  in  coal  used  for  the 
manufacture  of  coke  and  gas  as  well  as  for  ordinary  steaming  uses. 

The  relatively  lower  heating  value  of  the  Wales  coal  as  compared 
with  the  Carbon  Coimty  coals  is  chiefly  due  to  the  fact  that  in  the 
Wales  coal  the  percentage  of  impurities  is  as  much  as  three  times  that 
in  the  Carbon  County  coals.  Thus  in  form  D,  which  represents  the 
composition  and  heating  value  of  the  coal  as  it  would  be  if  it  contained 
neither  moisture  nor  ash,  the  Wales  coal  is  fully  as  good  as  the  Carbon 
County  coal,  but  in  its  actual  impure  condition  it  is  much  iiferior. 

The  high  percentage  of  impurities,  including  sulphur,  in  the  Wales 
coal  is  the  principal  factor  which  may  affect  its  conunerdal  value 
and  future  development  as  a  shipping  coal. 
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HISTOBY  AND  DEVELOPMENT. 

Although  the  production  of  coal  at  Wales  is  very  small,  the  occur- 
rence is  perhaps  of  more  than  local  interest.  The  coal  at  Wales  and 
that  in  the  vicinity  of  Coalville,  Utah,  was,  it  is  reported,  the  first 
discovered  by  white  men  in  the  State.  Wales,  however,  claims  the 
distinction  of  having  produced  the  first  coal  mined  in  Utah.  It 
is  reported  that  J.  E.  Reese  and  John  Price,  who  had  been  coal 
ndners  in  Wales,  learned  of  the  coal  from  an  old  Indian  chief  who 
called  it  ''rock  that  would  bum."  These  two  men  in  1857  founded 
the  town  of  Wales,  Utah,  and  were  the  pioneers  in  coal  mining  in  the 
State.  It  was  soon  learned  that  this  coal  was  a  good  blacksmithing 
coal,  and  in  1858  Reese  and  Price  manufactured  some  coke,  which 
they  hauled  by  ox  team  to  Salt  Lake  City.  In  1873  the  coal  property 
passed  into  the  hands  of  a  Salt  Lake  company  which  in  1874  and 
1875  built  several  coke  ovens  and  manufactured  coke,  freighting  it 
by  team  to  York,  the  terminus  of  the  Utah  Central  Railway,  about  25 
miles  south  of  Provo.  This  company,  after  spending  much  money 
in  experimental  work,  sold  out  to  an  English  company,  which  in 
1880  to  1882  built  the  first  rcdlroad  to  enter  Sanpete  Valley.  This 
railroad  connected  the  coal  mines  in  Indian  Pete  Canyon,  via  Wales, 
with  Nephi,  the  terminus  at  that  time  of  the  Utah  Central  Railway. 
It  13  reported  that  the  English  company  also  spent  much  money  in  ex- 
perimenting with  different  types  of  coke  ovens  and  in  the  develop- 
ment of  the  coal,  but  finally  abandoned  the  work  through  lack  of  funds. 
Mr.  Thomas  reports  that  the  coke  from  the  Wales  coal  is  one  of  the 
strongest  he  has  ever  seen,  but  that  probably  the  quaUty  of  the  coke 
might  be  improved  if  the  coal  were  washed  before  going  to  the  coke  ovens. 

No  information  is  at  hand  regarding  the  length  of  time  this  railroad 
was  in  operation,  but  after  a  number  of  years  it  was  extended  toward 
Moroni  down  Sanpete  Valley  and  was  known  as  the  California  Short 
line.  The  spur  from  Moroni  to  Wales  was  then  abandoned  and 
to-day  only  the  renmants  of  the  grade  remain  to  show  where  the  road 
once  existed. 

This  early  development  work  for  one  cause  or  another  lasted  only 
a  few  years  and  exploitation  on  a  large  scale  has  since  been  given 
little  serious  thought.  This  is  probably  due  to  the  extensive  devel- 
opment of  the  coals  of  Carbon  County,  Utah,  as  well  as  those  of  the 
adjoining  States  of  Colorado  and  Wyoming.  In  all  of  these  places 
the  coals  are  much  more  extensive,  occur  in  much  thicker  beds,  and 
are  freer  from  impurities  than  is  the  coal  near  Wales,  and  for  these 
reasons  they  can  be  mined  much  more  economically  and  at  a  greater 
profit  than  can  the  Wales  coal.  Local  interest  in  the  Wales  coal 
has,  however,  never  entirely  died  away,  and  some  coal  is  mined  each 
winter  to  supply  the  local  demand.  At  present  the  principal  activity 
in  mining  is  in  Old  Canyon  at  location  8,  where  H.  R.  Thomas  operat^ 
the  mine  and  practically  supplies  the  people  of  Wales  with  their  fuel. 
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ANALYSES  OF  COAL  SAMPLES  FROM  VARIOUS  FIELDS  IN 

THE    UNITED    STATES. 


By  MaBIUS   R.    CAlfPBELL. 


INTRODUCTION. 

The  accompan3dng  table  gives  the  analysis  of  all  coal  samples  col- 
lected by  the  United  States  Geological  Survey  during  the  year  1913. 
The  analyses  were  made  at  the  Pittsburgh  laboratory  of  the  Bureau  of 
Mines  by  the  same  methods  as  those  employed  in  all  previous  work  by 
that  bureau  and  by  the  Geological  Survey,  and  consequently  the 
results  are  comparable  in  every  way  with  those  abeady  published  by 
the  two  organizations. 

In  the  course  of  a  year  many  coal  fields  are  examined  in  detail  or 
reconnaissance  by  members  of  the  United  States  Geological  Survey. 
Those  fields  located  in  the  eastern  part  of  the  United  States  are  sur- 
veyed for  the  purpose  of  determining  the  amount  and  quality  of  the 
coal  contained  in  them  and  of  making  public  the  facts  concerning  them 
in  order  to  assist  in  their  development.  In  the  public-land  States  of 
the  West  the  examinations  are  made  in  part  for  a  similar  purpose,  but 
also  (and  in  late  years  this  has  come  to  be  the  controlling  motive)  to 
gather  data  for  the  classification  of  the  land  as  mineral  or  nonmineral 
according  to  its  coal  content.  If  the  land  is  classed  as  coal  land  a 
valuation  must  be  assigned  it  in  accordance  with  certain  rules  and 
regulations  adopted  by  the  Interior  Department,  which  take  into 
accoimt  the  amount  of  the  coal  and  also  its  quality.  The  amoimt  of 
the  coal  is  determined  from  field  data  which  are  sufficiently  complete 
for  making  a  fairly  reliable  tonnage  estimate;  the  quality  of  the  coal  is 
determined  largely  by  chemical  analysis.  In  determining  the  quality 
it  is  necessary  to  have  not  only  the  ordinary  chemical  analysis  but 
also  calorimeter  determinations  of  the  heating  value.  The  analyses 
here  given,  as  well  as  those  previously  published  by  the  Bureau  of 
Mines  and  the  Geological  Survey,  generally  give  both  of  these  fac- 
tors for  determining  the  value  of  a  coal  and  afford  a  reliable  basis  for 
the  valuation  of  the  public  land.  In  addition  they  present  a  vast 
amoimt  of  information  by  which  almost  any  coal  in  the  United  States 
may  be  compared  with  others  to  determine  its  relative  value  for  com- 
mercial uses. 
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Most  of  these  analyses  will  be  published  in  the  descriptions  of 
fields  to  which  they  pertam,  but  as  such  reports  will  necessanty  be 
delayed  until  all  the  data  gathered  in  the  field  have  been  thorou^ 
classified  and  digested,  they  may  not  appear  for  several  months  or 
even  a  year.  In  order,  however,  to  make  the  analyses  immediately 
available  to  the  public,  they  have  been  grouped  according  to  States 
and  coimties  and  are  herewith  published  in  advance  of  the  reports  to 
which  they  relate.  As  a  result  of  this  mode  of  publication  it  is  impos- 
sible to  discuss  and  compare  the  analyses  in  order  to  show  the  relative 
grades  of  the  coal  samples,  but  it  is  believed  that  from  the  description 
of  the  samples  that  is  given  those  wishing  to  make  such  comparisoDS 
can  do  so  and  can  determine  for  themselves  the  relative  efficiencies  of 
the  particular  coals  in  which  they  are  interested.  This  use  is  believed 
to  be  sufficiently  great  to  justify  the  publication  of  the  analyses  in 
advance  of  the  report  on  the  field  in  which  the  samples  were  collected. 

Many  of  the  samples,  especially  those  from  public-land  States, 
were  collected  in  fields  in  which  mining  either  has  not  been  begun  or 
has  attained  only  negUgible  development.  In  these  fields  it  is  diffi- 
cult, if  not  impossible,  to  secure  fresh  material,  and  hence  the  analy- 
ses show  the  coal  to  be  of  a  lower  grade  than  would  appear  were  the 
sample  made  up  of  strictly  unweathered  coal.  In  the  table -all  the 
weathered  samples  that  have  been  recognized  as  such  are  marked 
Their  analyses  should  be  taken  with  considerable  allowance,  and  no 
important  comparisons  should  be  made  with  them  or  developments 
of  the  coal  bed  imdertaken  until  they  have  been  checked  by  the 
analysis  of  freshly  mined  coal.  The  analysis  of  weathered  coal  is 
valuable  only  imtU  it  can  be  supplanted  by  more  rehable  results. 

In  taking  a  sample  of  coal  for  analysis  the  geologist  is  instructed 
to  make  every  endeavor  to  procure  fresh  imweathered  material.  He 
is  supposed  to  face  up  the  bed  in  the  mine  or  prospect  until  fresh  ma- 
terial is  available,  and  then  to  obtain  his  sample  by  making  a  uniform 
cut  across  the  bed  from  roof  to  floor,  including  all  such  benches  and 
partings  as  an  experienced  and  careful  miner  would  include  in  com- 
mercial coal  and  throwing  out  such  impurities  as  would  certainly 
be  excluded  in  practical  operation.  He  is  supposed  to  cut  sufficient 
coal  to  give  at  least  6  poimds  to  the  foot  of  coal  bed  sampled.  The 
sample  is  hastily  pulverized  in  the  mine  until  it  will  pass  through  a 
i-inch  mesh  and  then  is  quartered  down  imtU  about  4  poimds  remain. 
This  sample  is  placed  in  a  galvanized-iron  can,  sealed  with  adhesive 
tape  or  paraffin,  and  mailed  to  the  laboratory  for  analysis.  The  sam- 
pling is  done  on  the  principle  that  a  coal  mine  should  be  sampled  as 
carefully  as  a  gold  mine  and  that  the  sample  should  be  even  more 
carefully  handled  after  it  has  been  taken.  The  object  of  sealing  is  to 
prevent  change  in  the  moisture  content,  so  that  the  coal  may  reach  the 
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laboratory  in  practically  the  same  condition  in  which  it  exists  in  the 
mine.  Coal  is  a  very  unstable  substance,  and  great  care  must  be  exer- 
cised to  prevent  oxidation  in  the  course  of  preparation  and  in  transit. 
It  is  also  important  that  the  sample  should  consist  of  neither  the  best 
nor  the  poorest  coal,  but  that  it  should  be  representative  of  the  output 
of  the  mine,  if  one  is  in  operation,  or,  if  the  field  is  imdeveloped,  it 
should  represent  as  nearly  as  possible  the  merchantable  coal  that 
may  be  secured  at  some  time  in  the  future  when  mining  is  carried  on. 

Although  the  aim  of  the  geologist  in  obtaining  a  sample  by  the 
method  specified  above  is  to  obtain  coal  that  is  representative  of  the 
output  of  the  mine,  practical  experience  has  shown  that  this  is  seldom 
or  never  accomplished.  Almost  invariably  the  sample  obtained  in  the 
mine  contains  a  lower  percentage  of  impurities  than  does  the  coal 
which  reaches  the  consiuner.  This  is  largely  due  to  carelessness  in 
mining  and  handling  and  probably  could  be  largely  eliminated  were 
the  conditions  of  mining  more  nearly  ideal.  By  comparing  a  lai^e 
number  of  samples  taken  in  a  mine  with  those  taken  at  the  point  of 
consumption  it  has  been  foimd  that  there  is  a  fairly  constant  though 
small  difference  in  the  percentage  of  moisture,  ash,  and  sulphur,  and 
that  almost  invariably  the  amount  of  these  substances  in  the  mine 
sample  is  less  than  it  is  in  the  coal  as  it  reaches  the  market.  For  this 
reason  a  small  amoimt  should  be  added,  especially  to  the  ash  given  in 
the  accompanying  table,  to  correctly  represent  the  ash  in  merchantable 
coal  from  the  same  mine. 

During  the  early  stages  of  land  classification  all  the  analytical 
work  was  done  by  the  Geological  Survey,  but  with  the  establishment 
of  the  Bureau  of  Mines  ''the  analyzing  and  testing  of  coals,  lignites, 
and  other  mineral-fuel  substances"  of  the  United  States  passed  by 
law  to  that  bureau.  Accordingly  all  the  analyses  listed  in  this  paper 
were  made  at  the  Bureau  of  Mines  and  to  that  bureau  should  be  given 
the  responsibiUty  and  credit.  Although  the  analytical  work  has 
passed  from  one  bureau  to  another,  the  laboratory  and  many  of  the 
chemists  engaged  in  the  work  have  remained  the  same  and  conse- 
quently the  results  are  strictly  comparable. 

In  the  table  the  analyses  are  given  in  four  forms,  marked  A,  B,  C, 
and  D.  Analysis  A  represents  the  sample  as  it  comes  from  the  mine. 
This  form  is  not  well  suited  for  comparing  one  coal  with  another 
in  order  to  determine  their  relative  merits  as  a  fuel  because  the 
amount  of  moisture  in  the  sample  as  it  comes  from  the  mine  is 
largely  a  matter  of  accident,  and  consequently  analyses  of  the  same 
coal  expressed  in  this  form  may  vary  as  widely  as  the  analyses  of 
coal  from  different  beds  or  from  different  fields.  Analysis  B  repre- 
sents the  sample  after  it  has  been  dried  at  a  temperature  a  little 
above  the  normal  until  its  weight  becomes  constant.  This  form  of 
analysis  probably  represents  the  coal  in  its  most  stable  condition 
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and  one  approaching  most  closely  its  condition  as  it  reaches  the 
market.  Therefore  it  is  the  form  best  adapted  to  the  general  p\n^ 
poses  of  comparison.  Analysis  C  r^resents  the  theoretical  oo&- 
dition  of  the  coal  after  all  the  moisture  has  been  eliminated.  AdbIj- 
sis  D  represents  the  coal  after  all  moisture  and  ash  have  been  theo- 
retically removed.  This  is  supposed  to  represent  the  true  ood 
substance,  free  from  the  most  significant  impurities.  Forms  C  and  D 
are  obtained  from  the  others  merely  by  recalculation.  They  are 
useful  in  a  study  of  the  pure  coal  substance,  free  from  impurity, 
but  as  this  substance  is  not  the  same  as  the  coal  that  reaches  the  bin 
of  the  consumer  neither  form  C  nor  form  D  should  be  used  in  practical 
work. 

In  the  analytical  work  it  is  not  possible  to  determine  the  proximate 
constituents  of  coal  or  lignite  with  the  same  d^ree  of  accuracy  as 
the  ultimate  constituents.  Therefore  the  air-drying  loss,  moisture, 
volatile  matter,  fixed  carbon,  and  ash  are  given  to  one  decimal  place 
only;  whereas  the  ash  (in  the  ultimate  analysis),  sulphur,  hydrogen, 
carbon,  nitrogen,  and  oxygen  are  given  to  two  decimal  places.  The 
determination  of  the  calorific  value  to  individual  units  is  not  reliable, 
hence  in  the  column  headed  ''Calories"  the  values  are  given  to  the 
nearest  five  units  and  in  the  column  headed  ''British  thermal  units'' 
they  are  given  to  the  nearest  tens,  as  the  value  of  a  British  thermal 
unit  is  about  one-half  that  of  a  calorie. 

CLASSIFICATION  OF  COAIi. 

The  classification  of  coal  into  various  grades,  such  as  bituminous, 
semibituminous,  and  lignite,  is  arbitrary  and  not  at  all  satisfactory, 
but  it  is  in  common  use  in  the  United  States  and  it  seems  desirable 
to  give  the  class  for  each  sample,  because  from  the  analysis  one  could 
not  always  determine  this  important  point.  The  classes  generally 
used  in  the  United  States  are  as  follows:  Anthracite,  semianthracite, 
semibituminous,  bituminous,  subbituminous,  and  lignite. 

Anthracite. — Anthracite  coal  is  generally  well  known,  but  in  a  sys- 
tematic classification  it  is  generally  defined  as  a  hard  coal  having  a  fuel 
ratio  (fixed  carbon  divided  by  volatile  matter)  of  not  less  than  10. 
Most  of  this  coal  comes  from  the  anthracite  fields  of  eastern  Pennsyl- 
vania, but  small  areas  are  known  in  some  of  the  Western  States  where 
the  coal  has  been  changed  to  anthracite  by  the  heat  and  pressure  of 
masses  of  igneous  rock. 

Semianthracite. — Semianthracite  coal  has  a  fuel  ratio  ranging  from 
6  or  7  to  10.  There  is  only  a  small  amount  of  this  coal  in  the  United 
States,  found  in  local  basins  or  in  close  proximity  to  igneous  rocks. 

Semibituminous. — Semibituminous  coal  is  of  great  commercial 
importance,  but  is  not  widely  distributed.     Its  fuel  ratio  ranges  from 
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3  to  6  or  7.  It  is  the  best  steam  coal  in  the  country,  and  some  of  it  can 
be  utilized  in  the  manufacture  of  coke.  The  centers  of  production  are 
the  Pocahontas  and  New  Riyer  fields  of  Virginia  and  West  Virginia, 
Georges  Creek  field  of  Maryland,  Windber  field  of  Pennsylvania,  and 
the  western  end  of  the  Arkansas  field  in  the  vicinity  of  Fort  Smith. 
Though  small  areas  containing  this  grade  of  coal  have  been  found  in 
Washington  and  Colorado,  the  amount  of  such  coal  in  these  fields  is 
smalL 

Bituminous. — Bituminous  coal  is  the  most  important  grade  in  the 
country  and  includes  most  of  the  coals  east  of  the  Rocky  Mountains. 
In  the  Western  States  there  are  large  areas  of  bituminous  coal,  such 
as  the  Trinidad-Raton  field  of  Colorado  and  New  Mexico;  the  Grand 
H<^back  field  of  Colorado;  the  Book  Cliffs  field  of  Utah;  the  Rock 
Springs,  Eemmerer,  and  Black  Hills  fields  of  Wyoming;  the  Great 
Falls  field  of  Montana;  and  many  districts  of  Washington.  This 
grade  furnishes  most  of  the  coking  coal  of  the  country,  and  it  is  largely 
sold  for  steam  raising  and  for  domestic  use. 

SvMiiuminous. — ^The  term  ^'subbituminous"  has  been  adopted 
by  the  Geological  Survey  for  what  has  generally  been  called  ''black 
lignite.''  The  latter  term  is  objectionable,  for  the  reason  that  the 
coal  is  not  lignitic  in  the  sense  of  being  woody,  and  the  use  of  the  term 
seems  to  imply  that  the  coal  is  little  better  than  the  brown,  woody 
lignite  of  North  Dakota,  whereas  many  of  the  coals  of  this  class  closely 
approach  the  lowest  grade  of  bituminous  coal.  In  fact,  it  is  extremely 
difficult  to  separate  this  class  from  the  one  below  and  the  one  above. 
It  is  generally  distinguished  from  the  lignite  by  its  color  and  freedom 
from  apparent  woody  texture  and  from  bituminous  coal  by  the 
slacking  it  undergoes  when  exposed  to  the  weather.  As  the  latter  ia 
an  important  difference  in  commercial  use,  it  has  been  adopted  by  the 
Geological  Survey  as  the  criterion  for  the  separation  of  subbituminous 
and  bituminous  coals. 

Subbituminous  coal  is  found  in  most  of  the  western  fields,  being 
well  known  in  the  field  about  Boulder  and  Denver  and  in  North  Park, 
Colo.;  Gallup,  N.  Mex.;  Hanna,  Douglas,  Sheridan,  and  the  Bighorn 
Basin,  Wyo.;  Red  Lodge  and  Musselshell,  Mont.;  and  in  many  of  the 
districts  of  Washington  and  Oregon. 

Lignite.— Ab  used  by  the  Geological  Survey  the  term  "lignite"  is 
restricted  to  the  coals  that  are  distinctly  brown  and  generally  woody. 
They  are  intermediate  in  quality  between  peat  and  subbituminous 
coal.  Lignite  is  abundant  in  the  North  in  eastern  Montana  and  North 
Dakota  and  in  the  northwest  comer  of  South  Dakota.  In  the  South 
it  is  present  in  all  of  the  Gulf  States,  but  it  has  been  developed 
commercially  only  in  Texas. 
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DESCRIPTIONS  OF  COAIj  SAMPUBS. 


DEKALB  CO WTT. 

18230.  Senubituminous  coal  from  Yel- 
low Creek  mme  of  W.  C.  Hill,  sec.  24(7), 
T.  7  8.,  R.  9  E.,  3  miles  northwest  of 
Blanche.  Sample  cut  in  mine  300  feet 
south  of  mojiith,  from  sui&ce  of  coal 
weathered  for  10  months,  on  November 
20, 1913,  by  Charles  Butts.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Yellow  Creek  mine. 

Ft    in. 

Coal».« 1    1 

Clay« i 

Coal».« 3 

Clay« i 

Coal>.« 4 

Clay" 1 

Ooal'.« 3J 

2    IJ 

18233.  Semibituminous  coal  from  same 
locality  as  No.  18230.  Sample  cut  20 
inches  below  sur&ce  of  coal  weathered  for 
10  months.    Sample  dry. 

18234.  Semibituminous  coal  from  same 
locality  as  No.  18230.  Sample  cut  1  foot 
below  surface  of  coal  weathered  for  10 
months.    Sample  dry. 

18231.  Semibituminous  coal  from  Bee- 
son  Gap  mine  of  McSpaden  &  Baker,  T. 
7  S.,  R.  9  E.,  1  mile  northeast  of  Fort 
Payne.  Sample  cut  in  mine  200  feet 
northeast  of  mouth  on  November  20, 1913, 
by  Charles  Butts.  Coal  bed  at  point  sam- 
pled is  1  foot  1  inch  thick.  Sample  repre- 
sents entire  thickness  of  bed.  Sample  dry. 

18232.  Semibituminous  coal  from  pros- 
pect pit  of  W.  T.  Underwood,  sec .  31  (?), 
T.  7  S.,  R.  10  E.,  1  mile  west  of  Blanche. 
Sample  cut  in  pit  10  feet  from  mouth  on 
November  20,  1913,  by  Charles  Butts. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  prospect  pit  of  W,  T. 

Underwood, 

Ft   in. 

Coal 1      9 

"Rash"* 2 


COI^RADO. 
X^  PULTA  OOUHTT. 

17745F.  Bituminous  coal  from  Monnoa 
mineinsec.  17,  T.  33N.,  R.  IIW.  Ssa- 
pie  cut  at  end  of  main  entry,  50  feet  from 
mouth  of  mine,  on  August  6,  1913,  bj 
M.  A.  Pishel.  Section  at  ix>int  of  am- 
pling  is  as  follows: 

Section  of  coal  bed  in  Mormon  mine. 

Ft  in. 

Coal 7 

Shale* J 

Coal 7 

Shale } 

Coal,  bony i  9 

Shale* 1 

Coal 11 

Shale* J 

Coal 1  5 


5   5i 

17747.  Bituminous  coal  from  Cinder 
Butte  mine  in  sec.  14,  T.  32  N.,  R.  12  W. 
Sample  cut  at  end  of  entry  on  August  5, 
1913,  by  M.  A.  Pishel.  Coal  weathered. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  CSnder  Butte  mint. 

Ft  in. 

Coal,  bony 5 

Coal 8 

Shale* 1 

Coal 3 

B  one 5 

Coal 5 

Coal,  bony '.  9 

Bone 2 

Coal 1   10 


1    11 


1  Part  sampled  for  Nos.  18230  and  18234. 
>  Part  sampled  for  No.  18233. 
*  Not  Included  in  sample. 


17748.  Bituminous  coal  from  Soda 
Spring  mine  in  sec.  1,  T.  32  N.,  R.  12  W. 
Sample  cut  in  mine  100  feet  west  of 
mouth  on  August  6,  1913,  by  M.  A. 
Pishel.  Section  at  point  of  sampling  is 
as  follows: 

Section  of  coal  bed  in  Soda  Spring  mine. 

Ft.  in. 
Coal,  bony* 2     6 

Coal 2    10 

Shale* 11 

1  Not  included  in  sample. 
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Ft.    in. 

}oal 1     10 

Bone* 1 

3oaI 8 

Bone* 1 

3oaI 8 

Bone* 2      1 


11      8 


17855.  Bituminous  coal  from  Wheeler 
Doine  in  Hay  Gulch  in  sec.  31,  T.  35  N., 
R.  11  W.,  7i  miles  southwest  of  Hes- 
perus, Upper  No.  5  bed.  Sample  cut 
dear  end  of  entry,  75  feet  from  mouth  of 
mine,  on  September  12,  1913,  by  M.  A. 
Pishel.  Section  at  point  of  sampling  is 
IS  follows: 

Section  of  coal  bed  in  Wheeler  mine. 

Ft  In. 

Ooal 1      8 

Bone* 1 

Ooal 3 

Ooal,  bony 10 


MOFFAT  00T7VTY. 

17592.  Subbituminous  coal  from  Seick 
mine  in  sec.  2,  T.  7  N.,  R.  92  W.,  8  miles 
Qorthwest  of  Craig.  Sample  cut  in  mine 
120  feet  N.  80«»  E.  of  mouth  on  July  24, 
L913,  by  £.  T.  Hancock.  Mine  had  not 
been  worked  for  two  years.  Sample 
weathered  (?).  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  Seiek  mine. 

Ft  In. 

Ooal  (not  mined)* 2      3 

Coal 5      3 


7      6 

17593.  Subbituminous  coal  from  Eim- 
berly  mine  (not  operated)  in  sec.  32,  T.  7 
N.,  R.  90  W.  Kimberly  bed.  Sample 
cut  in  mine  120  feet  N.  12®  E.  of  mouth 
m  July  25,  1913,  by  E.  T.  Hancock. 
Sample  was  wet  (weathered  ?).  Section 
at  point  of  sampUng  is  as  follows: 

>  Not  inclnded  in  sample. 


Section  of  coal  bed  in  Kimherly  mine. 

Ft  In. 

Coal,  imp\ure 2      1 

Coal 2      1 

Coal,  imp\ure 1      5 

Coal 2      1 


7      8 

17686.  Bituminous  (?)  coal  from  Lay 
mine  of  Wisconsin  Coal  Mining  Co.,  1 
mile  south  of  Lay,  in  sec.  31,  T.  7  N.,  R. 
93  W.  Sample  cut  in  mine  270  feet  south 
of  mouth  on  August  21,  1913,  by  E.  T. 
Hancock.  Sample  weathered  (?).  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Lay  mine. 

Ft.  in. 

Coal 11 J 

Coal,  with  streaks  of  shale 5 

Sandstone 1 J 

Coal,  with  thin  streaks  of  shale..  4 

Coal 1 

Shale,  sandy 1 J 

Coal,  with  thin  streaks  of  shale. .  6} 

Coal* 4      7 

Shale,  sandy 7 

Coal 10 

Coal,  with  some  streaks  of  shale. .  1    11 


11      5 

17696.  Subbituminous  coal  from  Blev- 
ins  mine  in  sec.  28,  T.  8  N.,  R.  93  W. 
Sample  cut  in  mine  140  feet  N.  50®  £.  of 
mouth  on  August  19, 1913,  by  E.  T.  Han- 
cock. Sample  weathered  (7).  Section 
at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Blevina  mine. 

Ft  In.* 

Coal 1      5 

Shale 1 

Coal* 9    11} 


11      5} 

17782.  Subbituminous  coal  from  Hart 
mine  in  T.  4  N.,  R.  91  W.  (not  subdi- 
vided). Sample  cut  in  mine  100  feet  N. 
39®  W.  of  mouth  on  September  22,  1913, 

1  Part  sampled. 
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by  £.  T.  Hancock.  Coal  bed  at  point 
sampled  is  6  feet  9  inches  thick,  and 
sample  represents  entire  bed.  Sample 
wet. 

17840.  Bituminous  (?)  coal  from  Roby 
mine  in  T.  4  N.,  R.  91  W.  (not  subdi- 
vided). Sample  cut  in  mine  75  feetN. 
66**  W.  of  mouth  on  September  24,  1913, 
by  E.  T.  Hancock.  Sample  repres^ts  7 
feet  1^  inches  of  coal,  entire  thickness  of 
bed.    Sample  wet  and  weathered. 

ILLINOIS. 
McDOVOiraH  C0T7VTY. 

15119.  Bituminous  coal  from  mine  of 
Frank  Burdick  in  NE.  J  sec.  16,  T.  4  N., 
R.  2  W.,  1  mile  northwest  of  Industry. 
Murphysboro  bed .  Composite  of  samples 
15117  and  15118.* 


PISE  COUVTY. 

17459F.  Bituminous  coal  from  No.  2 
mine  of  Bumwell  Coal  <&  Coke  Co.,  2  miles 
west  of  Matewan.  No.  2  or  Gas  bed. 
Sample  cut  in  room  9  off  fourth  left  entry 
off  main  entry,  2,000  feet  from  mine 
mouth,  on  June  3,  1913,  by  Eugene  Steb- 
inger.  Sample  dry.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  No.  2  mine. 

Ft.  in. 

Coal 5 

Bone* 7 

Coal 1  2 

Clay=^ 2 

Coal 2 

Coal,  splint 9 

5      1 

17460F.  Bituminous  coal  from  Little 
Thacker  mine  of  Thacker  Coal  Co,,  IJ 
miles  southwest  of  Thacker,  Alum  bed. 
Sample  cut  at  face  of  first  right  entry  off 
main  air  course,  700  feet  from  mine  mouth, 
on  June  5,  1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

« See  U.  S.  Oeol.  Survey  Bull.  531,  pp.  338-339, 1913. 
*Not  included  in  sample. 


Section  of  Alum  coal  bed  in  Little  Thadter 

mine. 

Ft  in. 

Coal,  bony li 

Coal 2  5 

Clay* 4 

Coal,  splint 1  8 

4    6i 

17461F.  Bituminous  coal  from  Little 
Thacker  mine  of  Thacker  Coal  Co.,  1} 
miles  southwest  of  Thacker.  Thacker 
bed.  Sample  cut  at  last  right  entry  off 
No.  2  drift,  3,000  feet  from  mine  mouth, 
on  June  5,  1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  i>oint  of  sam- 
pling is  as  follows: 

Section  of  Thacker  coal  bed  in  Little  Thadter 

mine. 

Ft.   in. 

Coal,  lustrous 1  4 

Coal,  splint 1  4 

Coal,  gray,  splint 7 

Coal,  lustrous 1  10 


MONTANA. 
BIO  HOBV  COXrVTY. 

17711.  Subbituminous  coal  from  local 
strip  pit  in  sec.  30,  T.  1  N.,  R.  38  E.,  36 
miles  south  of  Sanders.  Sample  cut  6 
feet  deep  under  heavy  sandstone  on 
August  27, 1913,  by  G.  S.  Rogers.  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  local  bank. 

Ft   In. 

Bone 2 

Coal' 7 

Coal  (weathered) 3      4 

Coal,  reported  in  drill  record 21 

31      6 
HILL  C0X7VTY. 

17841F.  Subbituminous  coal  from  old 
mine  of  A.  M.  Biuiks  and  Charles  Severn, 
in  NW.  1  sec.  28,  T.  37  N.,  R.  9  E.  No. 
1  bed.    Sample  cut  in  first  room  on  right, 

1  Not  included  in  sample. 
*  Part  sampled. 
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75  feet  from  mine  mouth,  on  September 
30,  1913,  by  Eugene  Stebinger.  Sample 
dry.  Section  at  point  of  sampling  is  aa 
followB: 

Section  of  coal  bed  in  old  mine  of  A,  M. 

Banks  and  Charles  Severn. 

Ft    in. 

Coal 3      2 

Shale,  coaly* 5 

3      7 

17342F.  Bituminous  coal  from  West 
Butte  mine  of  P.  J.  McDermott,  NW.  } 
sec.  6,  T.  36  N.,  R.  2  E.  Sample  cut 
in  mine  100  feet  west  of  shaft  on  Septem- 
ber 11,  1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  point  of  sampling 
is  as  follows: 

Section  of  coal  bed  in  West  BuUe  mine. 

Ft   in. 

Coal 2      1 

Shale* 4 


2  5 
17892.  Subbituminous  coal  from  out- 
crop in  SW.  J  sec.  2,  T.  37  N.,  R.  9  E.,  35 
miles  north  of  Rudyard.  No.  1  bed. 
Sample  cut  September  28,  1913,  by 
Eugene  Stebinger.  Sample  dry  and 
weathered.  Section  at  point  of  sampling 
is  as  follows: 


Section  of  coal  bed  on  outcrop. 


Coal 

Shale,  coaly'. 


Ft  in. 

2      8 

4 


XXTBBILBHBLL  OOTJVTT. 

17586F.  Subbituminous  coal  from  mine 
No.  2  of  Republic  Coal  Co.,  in  SE.  i  sec. 
36,  T.  8  N.,  R.  25  E.,  3}  miles  southeast  of 
Roundup.  Roundup  bed.  Sample  cut 
in  mine  800  feet  east  of  shaft  on  July  21, 
1913,  by  C.  T.  Lupton.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  mins  No.  t. 

Ft  in. 

Coal 4  3 

Bone* 1 

Coal 1  6 


5  10 


Not  iiMliidtfd  in  wmpto. 


17587.  Subbituminous  coal  from  mine 
No.  4  of  Davis  Coal  Co.,  in  SE.  i  sec.  17, 
T.  8  N.,  R.  25  E.,  3  miles  southeast  of 
Roundup.  Roundup  bed.  Sample  cut 
in  mine  3,000  feet  S.  5®  W.  of  mouth  on 
July  21,  1913,  by  C.  T.  Lupton.  Sample 
damp.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  mine  No.  4* 

Ft  in. 

Coal 2 

Bone* 2 

Coal 3      2 


3      6 


17588.  Subbituminous  coal  from  mine 
No.  3  of  RoimdupCoal  Mining  Co.,  NE.  i 
sec.  22,  T.  8  N.,  R.  25  E.,  one-half  mile 
west  of  Roundup.  Roundup  bed.  Sam- 
ple cut  in  room  2,  off  seventh  entry  west, 
3,000  feet  west  from  mouth  of  entry,  on 
July  21,  1913,  by  C.  T.  Lupton.  Sample 
represents  5  feet  8  inches  of  coal,  entire 
thickness  of  bed.    Sample  dry. 

17589.  Subbituminous  coal  from  Eeene 
mine  of  Pine  Creek  Coal  Mining  Co.,  in 
NE.  i  sec.  28,  T.  8  N.,  R.  85  E.,  3}  miles 
southwest  of  Roundup.  Roundup  bed. 
Sample  cut  in  mine  500  feet  northeast  of 
mouth  on  July  19, 1913,  by  C.  T.  Lupton. 
Sample  represents  3  feet  of  coal,  entire 
thickness  of  bed.    Sample  dry. 

NEW  MEXICO. 
OOLFAX  00T7VTY. 

17703.  Bituminous  coal  from  Brilliant 
mine  of  St.  Louis,  Rocky  Mountain  A 
Pacific  Co.,  T.  31  N.,  R.  23  E.  Tin  Pan 
bed.  Sample  cut  in  first  east  entry  off 
No.  5  main  south  entry  of  Tin  Pan  Canyon 
on  August  30,  1913,  by  W.  T.  Lee.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Brilliant  mine. 

Ft  in. 

Coal 6 

Shale* 2 

Coal 9 

Shale* 8 

Coal 1      9 

Bone* i 

1  Not  Indoded  la  sunpto. 
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Coal.. 
Shale  V 
Coal.. 


Ft.  In. 

1  2 
2 
8 


6    10} 

17746F.  Bituminous  coal  from  mine 
of  Yankee  Fuel  Co.,  in  sec.  35,  T.  32  N., 
R.  62  W.  Higheet  bed.  Sample  cut  in 
mine  670  feet  N.  20®  £.  from  mouth  on 
September  18, 1913,  by  W.  T.  Lee.  Sam- 
ple dry.  Section  at  point  of  sampling  is 
as  follows: 

Section  of  coal  bed  in  mine  of  Yankee  Fuel 

Co. 

Ft.  In. 

Coal 7 

Shale' 11 

Coal 1  7 

Shale* 1  1 

Coal 1  9 


5      11 

17781F.  Bituminous  coal  from  Eoehler 
No.  3  mine  of  St.  Louis,  Rocky  Mountain 
A  Padfic  Co.,  at  Eoehler.  Raton  bed. 
Sample  cut  in  room  71,  off  second  east  en- 
try, on  September  23, 1913,  by  W.  T.  Lee. 
Sample  dry.  Section  at  point  of  sampling 
is  as  follows: 

Section  of  coal  bed  in  Koehler  No.  S  mine. 


Coal 

Coal,  bony, 

Coal 

Bone  * 

Coal 

Bone  * 

Coal 

Bone  * 

Coal 

Bone  * 

Coal 


SAir  JUAir  COTTNTY. 


Ft   In. 

10 

4 

6 

1 

1      5 

i 
1      1 

1  4 
9 
1 

3      2 

9      7} 


17749.  Bituminous  coal  from  the  New 
Mexico  mine  in  sec.  22,  T.  32  N.,  R.  12  W., 
28}  miles  southwest  of  Durango.  Bed  A. 
Sample  cut  in  mine  75  feet  east  of  mouth 
on  August  5, 1913,  by  M.  A.  Pishel.    Sam- 

1  Not  Induded  in  sample. 


pie  dry.    Section  at  point  of  sampling  is 
as  follows: 

Section  of  coal  bed  in  New  Mexico  mine. 

Ft  In. 
Coal,  bony 4      9 

Shale' 2 

Coal 2      1 


17750.  Bituminous  coal  from  Grovem- 
ment  mine  in  sec.  21,  T.  30  N.,  R.  16  W., 
20  miles  northwest  of  Farmington.  Hog- 
back bed.  Sample  cut  in  mine  100  feet 
southwest  of  mouth  on  August  22,  1913, 
by  M.  A.  Pishel.  Sample  repreeents  6 
feet  3  inches  of  coal,  entire  thickness  of 
bed. 

SOOOHBO  oounrTY. 

17602.  Bituminous  (7)  coal  from  pros- 
pect in  sec.  18,  T.  1  N.,  R.  6  W.,  20  miles 
northwest  of  Magdalena.  Sample  cut  in 
face  of  entry,  30  feet  from  mouUi,  on  July 
28,  1913,  by  D.  E.  Winchester,  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 


Section  of  coal  bed  in  prospect. 


Bone  * 

Coal 

Shale,  carbonaceous ' 

Coal 

Shale* 

Coal 


Ft    In. 
2 

2 

4 

1 

1     7 


2    7i 

17728.  Bituminous  coal  from  prospect  in 
SW.  i  sec.  20,  T.  3  N.,  R.  9  W.,  65  miles 
northwest  of  Magdalena.  Sample  cut  in* 
face  of  entry,  8  feet  from  mouth,  on  Sep- 
tember 5,  1913,  by  D.  E.  Winchester. 
Sample  dry  and  slightly  weathered. 
Section  at  point  of  sampling  is  as  follows: 


Section  of  coal  bed  in  prospect. 


Coal.. 
Bone  V 
Coal.. 
Bone  *. 
Coal.. 


Ft   In. 
6 
2 
6 

li 

2  3 

3  6} 


>  Not  included  in  sampls. 
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OBEOON. 

SKAVT  COmfTT. 

18125.  Lignite  from  pToepect  on  the 
Btewart  lanch  in  NW.  I NW.  J  »ec.  11,  T. 
13  S.,  R.  27E.,6iinilweastof  Dayville. 
Sample  cut  tcom  [ace  of  old  prospect, 
lignite  probably  weathered.  Section  at 
point  o(  aampling  is  as  follpws: 

Section  of  tiffniU  btd  in  old  protpeet. 

Ft   In. 

Lignite' 1 

SaodstoDe  ' 6 

Lignite 2      2 

Sandstone ' 4 

Lignit«' 1      8 

"i    8 

iiiu»iT.»»  COOBTT. 

1S126.  SubbitumiDoua  (?)  coal  from 
prospect  in  Dry  Hollow  in  SW.  1  SE.  1 
■ec.  28,  T.  8  8.,  R.  21  E.  Sample  cut  20 
(eet  from  mouth  ot  drift  130  feet  long. 
Section  at  point  of  sampling  ia  as  [olbws: 
Section  of  coal  bed  in  protpeet  in  Dry 
UoUow. 

yt.  io. 

Coal  and  bone  * 1 

Coalandbone" 1      G 

Sandstone 0 

Coal" 1      0 

Coal" 5      6 

10 
18127.  SubbituminoUB    (T)    coal    from 
Mune  locality  u  No.  18126. 

PENNBTLVANIA.. 
CXSTEB  COUBTT. 

I7444F.  Bituminous  coal  from  Macon 
drift,  Poormausito  mine  of  Lehigh  Valley 
Coal  Co.,  IJ  miles  northeast  of  Clarence. 
Lower  Eittanniiig  bod.  Sample  cut  in 
■idoentry,  1,000  feet  from  mice  mouth,  on 
May  31,  1913,  by  H.  A.  Pishel.  Section 
at  poiut  o(  sampling  Li  as  follows: 
Section  of  coal  bed  in  Macon  drift.  Poor- 
manrite  mine. 

Ft.    in. 

Coal 8 

Bono  ' 3 

Coal 2    10 


17445.  Semibituminous  coal  from  Foot^ 
mansite  "High  Coal"  of  Lehigh  Valley 
Coal  Co.,  1)  miles  northeast  of  Clarence. 
Lower  Fieeport  bed.  Sample  cut  in  side 
entry,  600  feet  from  ndne  mouth,  on  May 
31, 1913,  by  M.  A.  Pishel.  Sample moiat. 
Section  at  point  ot  sampling  is  as  follows: 

Section  qf  coal  bed  in  Poormannie  "High 
Coal"  mine. 

Ft    In. 

Coal 2  7 

Bone' 10 

Coal 2  0 

6  II 

17446F.  Bituminous  coal  from  mine 
No.  15  of  Lehigh  Valley  Coal  Co.,  onc- 
half  mile  northeast  of  GiUintown.  Lower 
Freeportbed.  Sample  cut  in  main  entry, 
SOOfeetfrom  mine  mouth.on  May  31, 1913, 
byU. A. Pishel.  Sampledamp.  Section 
at  point  of  sampling  is  as  follows: 


Section  of  cool  bed  tn 


4  No.  15. 


Bone ' . 
Coal.. 

Coal.. 


17447F.  Bituminous  coal  torn  mine 
No.  22  of  Lehigh  Valley  Coal  Co.,  1)  milee 
northwest  of  Claience.  Lower  A  bed. 
Sample  cut  in  main  entiy,  three-fourths 
of  a  mile  from  mine  mouth,  on  May  31, 
1913,  by  M.  A.  Pishel.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 


Section  of  eoal  bed  ir 


X  JVo. «. 


Ft    In. 


Coal,  bony' 

Fire  clay ' 5 

Coal 3  2i 

Clay' li 

Coal 8 

5  1 


'  Not  Included  in  sample. 
•  FanseiiiiptedfarN'a.  IS1Z7. 
■  Farts  Munpled  (or  No.  MIX. 

365°— Bull.  641— 1' 


1T44IF.  Bituminous  (7)  coal  from 
norseshue  mine  of  Potter,  Bigler  &  PoU 
tcr,  one-half  mile  south  of  Karthaus. 
Lower  Kittanniiig  bed.  Sample  cut  from 
room  3 ,  second  entry,  1 ,000  feet  from  mine 

>  Not  todudsd  In  MmpI*. 
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mouth,  on  June  2,  1913,  by  M.  A.  Pishel. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  Horseshoe  mine. 


Coal,  bony  V 

Coal 

Pyrite* 

Coal 


Ft.   in. 

9 

2      8 

i 

6 

3    10| 

17442F.  Semibitimiinous  coal  from  the 
Shinola  mine  of  Shadock  &  Kelly  at 
Karthaus.  Bed  A.  Sample  cut  in  main 
«ntry,  600  feet  from  mine  mouth,  on  June 
2,  1913,  by  M.  A.  Pishel.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Shinola  mine. 

Ft.  in. 

Coal 1  6 

Bone  * 4 

Coal 1  8 

Bone  * - 6 


3    11 


17443F.  Bituminous  coal  from  Eriton 
mine  of  Northwestern  Mining  &  Exchange 
Co.,  3§  miles  south  of  Dubois.  Lower 
Freeport  bed.  Sample  cut  in  mine  200 
feet  southwest  of  shaft  on  June  5,  1913, 
by  M.  A.  Pishel.  Sample  dry.  Section 
at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Eriton  mine. 

Ft.  in. 

Coal,bonyi 1  6 

Coal 5  5 

Shale^ li 

Coal 8 


7     8i 


ELK  COUNTY. 


17455.  Bituminous  coal  from  Dagus 
mine  of  Northwestern  Mining  &  Exchange 
Co.,  at  Dagus.  Lower  Kittanning  bed. 
Sample  cut  in  room  off  face  heading, 
first  right  entry  (Fleming  section),  1  mile 
from  mine  mouth,  on  June  4,  1913,  by 
M.  A.  Pishel.  Sample  dry.  Section  at 
point  of  sampling  is  as  follows: 

^  Not  included  in  sample. 


Section  of  coal  bed  in  Dagus  mine. 

Ft  la. 

Coal,  bony  1 1} 

Coal,  good 2 

Pyrite> J 

Coal 1  6 


3    7| 


17456F.  Bituminous  coal  from  Byrne- 
dale  No.  31  mine  of  Shawmut  Mining 
Co.,  at  Bymedale.  Lower  Kittanning 
bed.  Sample  cut  in  first  left  entry  off 
main  entry,  600  feet  from  mine  mouth, 
on  June  3,  1913,  by  M.  A.  Pishel.  Sec- 
tion at  point  of  sampling  is  as  follows : 

Section  of  coal  bed  in  Bymedale  No.  SI 

mine. 

Ft   In. 

Coal,  bony* 4 

Coal 2    10 

Pyrite» \ 

Coal 4 


3      6i 

17457.  Bituminous  coal  from  mine  No. 
1  of  Dents  Run  Mining  Co.,  at  Wilmere. 
Lower  Kittanning  bed.  Sample  cut  in 
fourth  left  entry,  600  feet  from  mine 
mouth,  on  June  3,  1913,  by  M.  A.  Pishel. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  mine  No.  1 . 


Coal,  bony. 

Clay 

Coal 

Clay 

Coal* 


Ft. 

in. 

10 

IJ 

2 

7 

2 

7 

4       31 

17458.  Bituminous  coal  from  Elbon  No. 
5  mine  of  Shawmut  Mining  Co. ,  at  Brandy 
Camp.  Lower  Kittanning  bed.  Sam- 
ple cut  in  first  left  entry.  No.  4  drift, 
1,000  feet  from  mine  mouth,  on  June  4, 
1913,  by  M.  A.  Pishel.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

1  Not  included  in  sample. 
*  Part  sampled. 
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Sedion  of  eocU  bed  in  Elbcn  No.  5  mine. 

Ft  in. 

Coal 1  9 

Mineral  charcoal ^ 

Coal 1  2 


2  llj 


jzmBSov  ooxniTY. 


>7448F.  Bituminous  coal  from  West 
Clarion  mine  of  Northwestern  Mining  & 
Exchange  Co.,  1  mile  west  of  Brockway- 
ville.  Lower  Freeport  bed.  Sample  cut 
in  second  right  entry,  drift  No.  8,  800  feet 
from  mine  mouth,  on  June  5,  1913,  by 
M.  A.  Pishel.  Sample  represents  3  feet 
4  inches  of  coal,  entire  thickness  of  bed. 
Sample  dry: 

17449F.  Bituminous  coal  from  West 
Clarion  drift  No.  14  of  Northwestern 
Mining  &  Exchange  Co.,  1  mile  west  of 
Brockwayville,  Upper  Freeport  bed. 
Sample  cut  in  second  room  off  main 
entry  on  June  5,  1913,  by  M.  A.  Pishel. 
Sample  represents  2  feet  6  inches  of  coal, 
entire  thickness  of  bed.    Sample  dry. 

17450F.  Bituminous  coal  from  West 
Clarion  No.  1  mine  of  Northwestern 
Mining  <&  Exchange  Co.,  1  mile  west  of 
Brockwa3rville,  Lower  Kittanning  bed. 
Sample  cut  in  third  right  entry  off  first 
entry,  face  drift  No.  1,  4,000  feet  from 
mine  mouth,  on  June  5,  1913,  by  M.  A. 
Pishel.  Sample  represents  4  feet  of  coal, 
entire  thickness  of  bed.     Sample  dry. 

SOXERBET  COXrVTT. 

17689.  Semibituminous  coal  from  mine 
of  Perry  Wyand,  one-half  mile  south  of 
Bakersville.  Sample  cut  in  mine  300 
feet  southwest  of  mouth  on  August  30, 
1913,  by  J.  H.  Hance.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  of  Perry  Wyand. 

Ft.  In. 

Shale  ' 2 

Coal 1  8 

Binder  1 3 

Coal 6 


2    7 


1  Not  Included  in  sample. 


17690.  Semibituminous  coal  from 
Ralphton  No.  6  mine  of  Quemahoning 
Coal  Co.,  at  Zimmermantown.  Upper 
Freeport  (E)  bed.  Sample  cut  in  mine 
1,200  feet  east  of  shaft  on  August  30, 1913, 
.  by  J.  H.  Hance.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  Ralphton  No.  6  mine. 

Ft.  in. 

Coal 2  7 

Binder  ^ i} 

Coal 4 

Binder i 

Coal 4} 


3    6 


17691.  Semibituminous  coal  from  mine 
of  I^vi  Berkey,  1|  miles  northwest  of 
Edie.  Upper  Freeport  (E)  bed .  Sample 
cut  in  mine  400  feet  N.  60®  W.  of  mouth 
on  August  30, 1913,  by  J.  H.  Hance.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Levi  Berkey  mine. 

Ft     in. 
Coal 2  llj 

Binder  » i  j 

Coal 4} 

Binder  > } 

Coal 7J 


4    1 


17692.  Bituminous  (?)  coal  liom  mine 
of  Jake  Miller,  If  miles  southwest  of  Gil- 
lette. Sample  cut  in  mine  500  feet  north- 
east of  mouth  on  August  30,  1913,  by 
J.  H.  Hance.  Section  at  point  of  sam- 
pling is  as  follows: 


Section  of  coal  bed  in  mine  of  Jake  Miller, 

Ft     in. 

2 

2 

^ 

5i 


Coal 

Binder  * . . 

Coal 

Coal,  dirty. 


17693.  Semibituminous  coal  from  Neva 
mine  of  James  McKelvey,  three-fourths 
of  a  mile  northeast  of  Somerset.  Sample 
cut  in  mine  400  feet  from   mouth  on 

1  Not  included  in  sample. 
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August  29,  1913,  by  J.  H.  Hance.     Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  the  Neva  mine. 


Shale  ».. 

Coal 

Binder  * 

Coal 

Binder  V 


Ft.   in. 
3 
2    4 
1 

^ 

i 


4     IJ 


Shale  V 
Coal . . 


Ft.    in. 
2 

4    Si 


17831.  Bituminous  coal  from  mine  of 
Ileuben  ITorner,  2  miles  northwest  of 
Boswell.  Pittsburgh  bed.  Sample  cut 
in  mine  50  feet  from  mouth  on  Septem- 
ber 29,  1913,  by  G.  B.  Richardson.  Coal 
bed  at  the  point  sampled  is  10  feet  6 
inches  thick.  Sample  represents  lower 
10  feet.     Sample  weathered. 

17832.  Semibituminous  coal  from  mine 
of  J.  G.  Berkey,  2  miles  northwest  of  Bos- 
well.   Pittsburgh  bed.    Sample   cut  in 


17694.  Semibituminous  coal  from  mine 
of  Sanner  &  Sheffar,  one-half  mile  south- 
east of  Somerset.  Unidentified  bed.  ' 
Sample  cut  in  mine  300  feet  from  mouth  ; 
on  August  29,  1913,  by  J.  H.  Hance.  | 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Sanner  &  Sheffar  \ 

mine. 

Ft  In- 

Bone* 3 

Coal 2  8J 

Binder  * 5 

Coal,  durty  ^ 9 


17G95.  Semibituminous  coal  from  the  ! 
Stauffer  No.  2  mine  of  Myersdale  Coal  Co., 
4 J  miles  northeast  of  Somerset.     Lower  i 
Freeport(D)bed  (?).    Sample  cut  in  mine  ; 
500  feet  from  mouth  on  August  29,  1913, 
by  J.  H.   Hance.     Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  Stauffer  No.  2  mine.  \ 


1  Not  included  in  sample. 


mine  200  feet  from  mouth,  on  September 
29, 1913,  by  G.  B.  Richardson.  Coal  bed 
at  the  point  sampled  is  4  feet  10  Inches 
thick.  Sample  represents  lower  3  feet  6 
inches.    Sample  weathered. 

TIOOA  COXniTY. 

17451F.  Semibituminous  coal  from 
New  mine  of  Morris  Run  Coal  Mining  Co., 
at  Morris  Run.  Morgan  bed.  Sample 
cut  in  foiurth  room,  first  entry,  1  mile 
from  mine  mouth,  on  May  27,  1913,  by 
M.  A.  Pishel.  Sample  dry.  Section  at 
point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  New  mine. 

Ft   in. 

Coal,  bony  * 6 

Coal 2    8 


3    2 


17452.  Semibituminous  coal  from  Bear 
Run  mine  of  Bloesbuig  Coal  Co.,  one-half 
mile  north  of  Landrus.  Bloss  bed. 
Sample  cut  in  pillar  in  main  entry  700 
feet  from  mine  mouth,  on  May  28,  1913, 
by  M.  A.  Pishel.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  Bear  Run  mine. 

Ft  in. 

Coal 1  11 

Shale^ 3 

Coal,  du-ty  » 10 

Coal 1  2 

P>Tite  (lens)^ 3 

Coal 6 


4    li 

17453.  Semibituminous  coal  from  Anna 
S.  mine  of  Fall  Brook  Coal  Co.,  one-half 
mile  west  of  Antrim.  Bloss  bed.  Sam- 
ple cut  in  room  off  side  entry  1  mile  from 
mine  mouth,  on  May  29,  1913,  by  M.  A, 
Pishel.  Section  at  point  of  sampling  is 
as  follows: 

Section  of  coal  bed  in  Anna  S  mine. 

Ft.  in. 

Coal 1  11 

Bone  ^ 3 

Coal 1  0 

Bone  * 5 

Coal 10 


1  Not  induded  in  sample. 
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17454F.  Semibituminous  coal  from 
New  mine  of  MorriB  Run  Coal  Mining 
Co.,  at  Moms  Run.  Bloes  bed.  Sample 
cut  in  Sterling  heading,  3  miles  from  mine 
mouth,  on  May  27, 1913,  by  M.  A.  Piahel. 
Sample  dry.  Section  at  point  of  sam- 
pling 1b  as  follows: 

Section  of  coal  bed  in  New  mine. 

Ft  in. 

Ooal,bony^ 7 

Coal,good 2  6 

3 

WS8TM0RELAHD  COXTHTY. 

17901F.  Bituminous  coal  from  mine  of 
John  Dyer,  3  miles  southeast  of  Ligonier. 
Upper  Freeport  bed.  Sample  cut  in 
end  of  entry,  200  feet  from  mine  mouth, 
on  October  15, 1913,  by  G.  B.  Richardson. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  of  John  Dyer. 

Ft  in. 

Coal 2  1 

Shale* 1 

Coal 4 

Shale» 1 

Coal 4 

2    11 
UTAH. 

OABBOV  COXniTY. 

17604F.  Bituminous  coal  from  No.  3 
mine  of  Utah  Fuel  Co.,  in  the  SW.  J 
SW.  1  sec.  4,  T  15  S.,  R.  14  E.,  1  mile 
southeast  of  Sunnyside.  Lower  bed. 
Sample  cut  in  face  of  second  left  entry 
in  dips,  about  150  feet  within  room  1, 
1  mile  northeast  of  mine  mouth,  on 
August  5,  1913,  by  F.  R.  Clark.  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  No.  S  mine. 

Ft   in. 

CoaP 1 

Coal 6    10 

CoaP 2 

9    10 

17605.  Bituminous  coal,  same  as  No. 
17604F.    Sample  cut  in  face  of  room  5 

>  Not  indoded  in  sample. 


oft  second  right  entry,  about  1  mile  south 
of  mine  mouth.    Sample  represents  5  feet 

4  inches  of  coal,  entire  thickness  of  bed. 
Sample  dry. 

ORAITD  C0X7VTY. 

17577F.  Bituminous  coal  from  mine 
No.  1-A  of  American  Fuel  Co.,  of  Utah, 
in  the  NW.  {  sec.  27,  T.  20  S.,  R.  20  E., 

5  miles  north  of  Thompson;  middle  bed 
of  Bear  coal.  Sample  cut  in  face  of  main 
entry,  1,200  feet  east  slightly  southeast  of 
mine  mouth,  on  July  17,  1913,  by  F.  R. 
Clark.  Sample  dry.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  No.  l-A  mine. 

Ft  in. 

Coal 1  3 

Coal,  bony 1  1 

Coal 1 

Shale \ 

Coal 1  2 

Bone 1 

Coal 1  1 


5      8) 

17578.  Bitimiinous  coal  from  prospect 
of  American  Fuel  Co.  of  Utah,  in  SE.  } 
NW.  1  sec.  27,  T.  20  S.,  R.  20  E.,  5  miles 
north  of  Thompson.  Lower  bed  of  Bear 
coal.  Sample  cut  in  face  of  prospect,  85 
feet  east  from  mouth,  on  July  17,  1913, 
by  F.  R.  Clark.  San: pie  dry  and  proba- 
bly slightly  weathered.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  prospect. 

Ft.  in. 

CoaP 10 

Clay» 5 

Coal 4      3J 


5      6i 


SAITFETE  COXrVTY. 


17715.  Bituminous  coal  from  Coal 
Creek  mine  of  Johnny  Reese  in  SE.  J 
NE.  i  sec.  14,  T.  16  S.,  R.  2  E.,  6  miles 
northwest  of  Ephraim.  Sample  cut  in 
mine  300  feet  N.  24**  E.  of  mouth  on 
September  4,  1913,  by  F.  R.  Clark. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 


1  Not  indnded  in  sample. 
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Section  of  coal  bed  in  Coal  Creek  mine. 

Ft  in. 

Coal,  bright 5 

Cool,  dull 5 

Coal,  bright 2 

Coal,  dull 8 

Bone* 11 


2      7 

17717.  Bituminous  coal  from  aban- 
doned mine  ("north  tunnel")  in  NE.  J 
SE.  }  sec.  2,  T.  16  8.,  R.  2  E.,  3i  miles 
southwest  of  Wales.  North  tunnel  bed. 
Sample  cut  beyond  zone  of  weathering, 
300  feet  N.  5®  E.  of  mine  mouth,  on  Sep- 
tember 9,  1913,  by  F.  R.  Clark.  Sample 
wet.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  North  Ikmnel  mine. 

Ft  in. 

Coal 1      3 

Shale* 1    10 

Coal 3 

Shale* li 

Coal 4 

Shale' 1 

Coal 6 

Shale* 6 

Coal 1      1 

Bone* 3 


6      2i 

17718.  Bituminous  coal  from  mine  of 
Henry  Thomas  (Old  Canyon)  in  N.  i 
NE.  J  sec.  35,  T.  15  S.,  R.  2  E.,  2  miles 
west  of  Wales.  Sample  cut  from  f£u;o  of 
room  6,  1,400  feet  north  of  mine  mouth, 
on  September  9,  1913,  by  F.  R.  Clark. 
Sample  fresh  and  dry.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  of  Henry 

Thomas. 

Ft.    in. 

Coal 1    6 

Bone f 

Coal 5i 

Bone J 

Coal 1    2i 

Bone* 8 

Coal* 2 

Shale* 1    2 

Coal  (not  mined ) .  *  


5    3i+ 


1  Not  included  In  sample. 


VntGINIA. 

DIOKBVSOV  ooxnrTY. 

17559.  Bituminous  coal  from  Nora  Mills 
mine  of  Clinchfield  Coal  Corporation  at 
Nora.  Widow  Kennedy  coal  bed.  Sam- 
ple cut  300  feet  east  of  drift  mouth  on 
July  12,  1913,  by  Henry  Hinds.  Sam- 
ple includes  entire  bed.  Sample  wet. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Nora  Mills  mine. 

Ft  in. 

Coal 6f 

Bone 1 

Coal 1    3 

"Rash" i 

Coal 3} 

"Rash" i 

Coal 2f 

"Rash" i 

Coal 4 


2    8i 

17560.  Bituminous  coal  from  same  mine 
as  No.  17559.  Sample  wet.  The  section 
of  the  coal  bed  at  point  sampled,  300  feet 
northeast  of  drift  mouth,  is  as  follows: 

Section  of  coal  bed  in  Nora  Mills  mine. 

Ft.  in. 

Coal 5i 

Bone J 

Coal G} 

Shale* If 

Coal 5} 

Bone } 

Coal 8 


2    3i 

17561F.  Bituminous  coal.  Composite 
of  Noe.  17559  and  17560. 

17743.  Bituminous  coal  from  mine  of 
Yellow  Poplar  Lumber  Co.,  4  miles  north- 
west of  Prater,  Buchanan  County.  Up- 
per Banner  (?)  coal  bed.  Sample  cut  in 
mine  200  feet  from  mouth  on  September 
17,  1913,  by  T.  K.  Hamsberger.  Sample 
dry.  Section  at  f>oint  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  Yellow  Poplar  Lum- 
ber Co.  mine. 

Ft.    in. 

Coal,  pyritiferous  * 8 

Shale* 7 

Coal 3 

i  Not  included  in  sample. 
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Ft.  in. 

*^Raah" i 

Coal 91 

Bone* 1 

Coal 1  11 

Bandfltone  * li 

Coal 1  3 

4    101 

17744.  Bituminoufl  coal  from  same  mine 
as  No.  17743.  Sample  dry.  Section  at 
point  of  sampling,  220  feet  N .  SS""  E.  of 
mine  mouth,  is  as  follows: 

Section  of  coal  bed  in  Yellow  Poplar  Lum- 
ber Co,  mine. 

Ft.    In. 

Coal,  pyritiferous  * 9 J 

Shale* 6i 

Coal 3 

"Rash" 1 

Coal 8i 

Bone  » 1 

Coal 1      2i 

Sandstone* 1 

Coal 1      3i 

4    11} 

17751.  Bituminous  coal  from  mine  of 
C.  C.  Owens,  1  mile  northeast  of  Mart. 
Splash  Dam  coal  bed.  Sample  cut  10 
feet  north  of  main  drift,  75  feet  east  of 
mine  mouth,  on  September  19,  1913,  by 
T.  K.  Hamsberger.  Sample  dr}',  coal 
slightly  weathered.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  C.  C.  Oivens^s  mine. 

Ft.  in. 

Coal 81 

"Rash" } 

Coal.: 11 

Shale i 

Coal 2 

Shale* *. 1} 

Coal 7i 

2       G} 

17752.  Bituminous  coal  from  same  mine 
as  No.  17751.  Sample  dry,  coal  slightly 
weathered .  Section  at  point  of  sampling, 
15  feet  south  of  main  entry  and  75  feet  east 
of  mine  moutli,  is  as  follows: 

1  Not  included  in  sample. 


Section  of  coal  bed  in  C  C,  Owens*  mine. 

Ft  in. 

Coal 1  8 

Shale* i 

Coal 2 

Shale* 1 

Coal 3i 

Sliale  and  pyrite J 

Coal 4 


2      7i 

ETTSSELL  COXJETY. 

18121F.  Bituminous  coal  from  mine 
No.  103  of  Clinchfield  Coal  Corporation. 
Widow  Kennedy  bed.  Sample  cut  in  mine 
260  feet  N.  55®  W.  of  mouth  on  Novem- 
ber 17,  1913,  by  T.  K.  Hamsberger. 
Sample  represents  5  feet  2  inches  of  coal, 
entire  thickness  of  bed. 

18122.  Bituminous  coal  from  mine 
No.  52  of  Clinchfield  Coal  Corporation. 
Lower  Banner  bed.  Sample  cut  325  feet 
northeast  of  mouth  of  No.  0  drift  on  No- 

;  vember  17,  1913,  by  T.  K.  Hamsberger. 
Sample  represents  3  feet  of  coal,  entire 
thickness  of  bed. 

18123.  Bituminous  coal  from  same 
mine  as  No.  18122.  Sample  cut  1,700  feet 
southwest  of  mouth  of  No.  1  drift.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  5t, 

Ft  in. 
Coal 2    6i 

Coal  and  shale  * 2 


2    8) 

18124F.  Bituminous  coal.  Composite 
of  samples  Nos.  18122  and  18123. 

18128.  Bituminous  coal  from  No  2  mine 
of  Clinchfield  Coal  Corporation.  Upper 
Banner  bed.  Sample  cut  2,400  feet  S. 
18®  E.  of  mouth  of  drift  No.  3  on  Novem- 
ber 18, 1913,  by  T.  K.  Hamsberger.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  No.  2  mine. 

Ft  in. 

Coal 1  10 

Sandstone* IJ 

Coal 1  2i 

Sandstone  *.  J. \ 

Coal 2  5 


5      7J 


I  Not  included  In  sample. 
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18129.  Bituminous  coal  from  same  mine 
as  No.  18128.  Sample  cut  2,750  feet S.  78** 
£.  of  mouth  of  drift  No.  5,  tunnel  line. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  No.  t  mine. 

Ft  in. 

Coal 1      4 

Sandstone* 1 

Coal 1      2 

Shale* 1 

Coal 1      6 


18130.  Bituminous  coal  from  same  mine 
as  No.  18128.  Sample  cut  3,400  feet  S. 
85**  W.  of  mouth  of  drift  No.  1,  middle  in- 
cline. -  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  No.  t  mine. 

Ft*  In. 

Coal 1      6 

Sandstone  * 1 

Coal 1      5 

Sandstone* 1 

Coal 1    10 


4    11 

18131 F.  Bituminous  coal.  Composite 
of  samples  18128,  18129,  and  18130. 

18235.  Bituminous  coal  from  mine 
No.  6  of  Clinchfield  Coal  Corporation,  at 
Wilder.  Upper  Banner  coal  bed.  Sam- 
ple cut  3,000  feet  S.  71"*  W.  of  mouth  of 
No.  1  opening  on  November  25,  1913,  by 
T.  K.  Hamsberger.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  6. 

Ft.    In. 

Coal 1    6 

Sandstone  * 1 

Coal 1    61 

Shale' 1 

Coal 2    2 

Shale ' 3  J 

Coal 1    li 


6    9i 

18236.  Bituminous  coal  from  same  mine 
as  No.   18235.     Sample  cut  in  room  5, 

1  Not  Included  in  sample. 


1,250  feet  S.  35^  E.  of  No.  3  opening,  on 
November  26,  1913.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No,  6. 


Coal 

Sandstone* 

Coal 

Coal  and  shale*. 

Coal 

Shale* 

Coal 

Coal  and  shale*. 
Coal 


Ft  In. 

1    2 
1 

1    6J 

41 

41 

i 
1    5 

6 

81 


6    U 

18237.  Bituminous  coal  from  same  mine 
as  No.  18235.  Sample  cut  4,000  feet  S. 
10**  W.  of  No.  3  opening.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  6. 


Coal 

Sandstone  * 

Coal 

Shale* 

"Rash'** 

Coal 

"Rash**  and  clay  *. 
Coal 


Ft 

in. 

1 

7 

1 

1 

81 

1 

44 

1 

11 

6 

1 

5 

7      8 

18238.  Bituminous  coal.  Composite  of 
samples  Nos.  18235,  18236,  and  18237. 

18239.  Bituminous  coal  from  mine  No. 
201  of  Clinchfield  Coal  Corporation,  1  mile 
northeast  of  Slemp.  Bed  No.  4.  Sample 
cut  5,200  feet  N.  33°  W.  of  shaft  on 
November  26,  1913,  by  T.  K.  Ham&- 
berger.  Section  at  point  of  sampling  is 
as  follows: 

Section  of  coal  bed  in  mine  No.  201. 

Ft  in. 

"Rash"* 9 

Coal 2 

Sandstone* 3 

Coal 3  1 


1  Not  Included  in  sample. 
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18240.  Bituminous  coal  from  same  mine 
as  No.  18239.  Sample  cut  1,600  feet  N. 
68^  W.  of  shaft.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  201. 

Ft  in. 

Coal 1  91 

Shale* 5 

Coal 2  3 

4      5i 

18241.  Bituminous  coal  from  same 
mine  as  No.  18239.  Sample  cut  2,900 
feet  N.  27®  W.  of  shaft.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  201. 

Ft  in. 

Coal 1  4i 

Shalo  1 31 

Coal 2  3 

3    11 

18242.  Bituminous  coal.  Composite  of 
samples  Nos.  18239, 18240,  and  18241. 

18243.  Bituminous  coal  from  mine  No. 
55  of  Clinchfield  Coal  Corporation,  at 
Wilder.  Lower  Banner  coal  bed.  Sam- 
ple cut  900  feet  S.  60°  W.  of  No.  3  opening 
on  November  25,  1913,  by  T.  K.  Hams- 
beiger.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  mine  No.  55. 

Ft  in. 

Coal..' 3    4 

"Rash"^.* 3i 

3    7i 

18244.  Bituminous  coal  from  same  mine 
as  No.  18243.  Sample  cut  2,500  feet  S. 
35°  E.  of  No.  5  opening.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  55. 

Ft  in. 

Coal 7 

''Rash"  » 2 

Sandstone^ 1      9 

1  Not  included  in  sample. 


Ft.    in. 

Coal 3       5 

"Rash''  » 7 

6       6 

18245.  Bituminous  coal  from  same  mine 
as  No.  18243.  Sample  cut  1,300  feet  N. 
35°  W.  of  No.  2  opening.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  No.  56. 

Ft  in. 

**Rash"» i 

Coal 3    6 

"Rash"  » 4 

3  lOi 

18246.  Bituminous  coal.  Composite  of 
samples  Nos.  18243, 18244,  and  18245. 

WISE  COinfTY. 

18226.  Bituminous  coal  from  Cranesnest 
No.  1  mine  of  Clinchfield  Coal  Corpora- 
tion, near  Caney  (Dickenson  County). 
Upper  Banner  coal  bed.  Sample  cut 
1,500  feet  southwest  of  entrance  to  main 
entry  on  November  22,  1913,  by  T.  K. 
Hamsberger.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  Cranemeat  No.  1 

mine. 

Ft  in. 

Coal 11 

Sandstone  * 1 

Coal 2 

Sandstone* 1 

Coal 1      7} 

Coal  and  shale  * 21 

Coal 31 

Shale* 4 

Coal 2 

Shale' 1} 

Coal 10 


5    101 


18227.    Bituminous    coal    from    same 
mine  as  No.  18226.    Sample  cut  500  feet 

1  Not  included  in  Mmple. 


522        CONTBIBUTIONS  TO  EGONOMIO  GEOLOGY,  1912,  PART  H. 


northeast  of  mine  mouth.    Section  at 
point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Cranesnest  No.  1 

mine. 

Ft  In. 

1  10 

1 

2  2 


Coal 

Sandstone  V 
CJoal 


18228.  Bituminous  coal  from  same  mine 
No.  18226.  Sample  cut  4,100  feet 
southeast  of  entrance  to  main  entry. 
Section  at  point  of  sampling  is  as  follows: 


Section  of  coal  bed  in  Cranemnest  No,  1  mine. 

Ft   in. 

2    10 

1 


Coal 

Sandstone  V 


Coal.., 
Shale  . 
Coal... 
Shale  V 
Coal... 
Shale. 
Coal... 


5i 

i 
3 

5 

6 

i 
9i 


6      4f 

18229F.  Bitun>inous  coal.  Composite 
of  samples  Nos.  18226,  18227,  and  18228. 

WEST  VIBGINIA. 
Mcdowell  cottnty. 

17469.  Semibituminous  coal  from  mine 
of  Central  West  Coal  Co.,  8  miles  south  of 
laeger.  Pocahontas  No.  5  bed.  Sample 
cut  in  mouth  of  dip  entry  off  main  entry, 
500  feet  from  mine  mouth,  on  June  7, 
1913,  by  Eugene  Stebinger.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  of  Central  West  mine. 

Ft.  in. 

Coal,  lustrous 4 

Coal,  laminated 7 

Coal,  splint 11 

Coal,  lustrous 1  6 


3      4 

17470.  Semibituminous  coal  from  same 
mine  as  No .  17469 .  Sample  cut  in  second 
left  entry  off  main  entry,  1,500  feet  from 


1  Not  included  in  sample. 


nine  mouth.    Sample  dry.    Section  at 
point  of  sampling  is  as  follows: 

Section  of  coal  bed  of  Central  West  mine. 

Ft  in. 

Coal,  lustrous 3 

Coal,  fine-grained 4 

Coal,  splint 1  5 

Coal,  lustrous 1  1 


17471F.  Semibituminous  coal.  Com- 
posite of  samples  Nos.  17469  and  17470. 

XDrOO  C0T7HTT. 

17462.  Bituminous  coal  from  Winifrede 
mine  of  Williamson  Coal  &  Coke  Co.,  1 
mile  east  of  Williamson.  A^^nifrede  bed. 
Sample  cut  700  feet  northeast  of  mine 
mouth  on  May  31, 1913,  by  Eugene  Steb- 
inger. Sample  dry.  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  Winifrede  mine. 

Ft  in. 

Coal,  splint 2  4 

Coal,  bony 4 

Coal,  splint 1  1 

Clay» 2 

Coal,  splint 1  9 

5      8 

17463.  Bituminous  coal  from  Buffalo 
mine  of  Buffalo  Collieries  Co.,  1  mile 
northeast  of  Chataroy.  Winifrede  bed. 
Sample  cut  in  room  1  on  right,  off  drift  No. 
12,  500  feet  from  mine  mouth,  on  May  30, 
1913,  by  Eugene  Stebinger.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Buffalo  mine. 

Ft.  in. 

Coal,  splint 3  1 

Coal,  bony  ^ 4 

Coal,  splint 2 

5      5 

17464.  Bituminous  coal  from  the  mine 
of  E.  L.  Stemberger  Coal  Co.,  li  miles 
northeast  of  Williamson.  Winifrede  bed. 
Sample  cut  in  room  2  on  left,  off  shop 
entry,  900  feet  from  mine  mouth,  on  May 
29,  1913,  by  Eugene  Stebinger.  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 


Not  included  in  sample. 
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Sedum  of  coal  bed  in  Winifrede  mine. 

Ft  in. 

Coal,  splint 2  7 

Coal,  bony SJ 

Coal,  splint 5 

Coal,  lustrous 7 

Clay* 10 

Coal,  splint 1  6 

Coal,  lustrous 6 


6      7i 

17465F.  Bituminous  coal.  Composite 
of  samples  Nos.  17462, 17463,  and  17464. 

17466.  Bituminous  coal  from  mine  of 
Howard,  Jr.,  Coal  Co.,  2  miles  northeast  of 
Chataroy.  Coalbuig  bed.  Sample  cut 
in  first  air  course  on  main  entry,  700  feet 
from  mine  mouth,  on  May  30,  1913,  by 
Eugene  Stebinger.  Sample  dry.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Howard  mine. 

Ft   in. 

Coal,  splint 3      3 

Bone* 3 

Coal,  lustrous,  hard 11 

Bone* 1 

Coal,  lustrous 6 

Bone* 1 

Coal,  lustrous 7 


5      8 

17467.  Bituminous  coal  from  Buffalo 
mine  of  Buffalo  Collieries  Co.,  1  mile 
northeast  of  Chataroy.  Coalbuig  bed. 
Sample  cut  in  room  3  on  left  o£f  main 
entry,  700  feet  from  mine  mouth,  on  May 
30,  1913,  by  Eugene  Stebinger.  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  Buffalo  mine. 

Ft  In. 

Coal,  dull,  hard 1     4 

Clay' 1 

Coal,  lustrous,  soft 6 

Clay' 1 

Coal,  dull,  hard 9 

Bone  ' 4 

Coal,  splint 9 

1  Not  included  in  Mmple. 


Ft.    In. 

Bone  * 2 

Coal,  lustrous,  soft 1 

5 

17468F.  Bituminous  coal.  Composite 
of  samples  17466  and  17467. 

17472F.  Bituminous  coal  from  mine  of 
White  Star  Mining  Co.,  3  miles  northwest 
of  Mate  wan.  Alum  bed.  Sample  cut  in 
third  left  entry  off  main  entry,  1,000  feet 
from  mine  mouth,  on  June  3,  1913,  by 
Eugene  Stebinger.  Sample  represents  3 
feet  4  inches  of  coal,  entire  thickness  of 
bed.    Sample  dry. 

17473F.  Bituminous  coal  from  mine 
of  White  Star  Mining  Co.,  3  miles  north- 
west of  Matewan.  No.  2  or  Gas  bed. 
Sample  cut  at  heading  of  main  entry,  700 
feet  from  mine  mouth,  on  June  3,  1913, 
by  Eugene  Stebinger.  Sample  dry.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  White  Star  mine. 

Ft  in. 

Coal,  splint 4 

Bone  ' 9 

Coal,  lustrous 2  6 

Coal,  splint 8 

4  3 
17474F.  Bituminous  coal  from  mine  of 
Red  Jacket,  Jr. ,  Coal  Co. ,  4  miles  northeast 
of  Matewan.  Red  Jacket  bed.  Sample 
cut  in  room  15  on  left  off  main  entry, 
1,200  feet  from  mine  mouth,  on  June  2, 
1913,  by  Eugene  Stebinger.  Sample  dr>'. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Red  Jacket ,  Jr.,  mine. 

Ft  in. 

Coal,  lustrous 8 

Coal,  splint 1  8 

Coal,  banded 3 

Coal,  bony 2 

Coal,  lustrous 1  3 

4 
17475F.  Bituminous  coal  from  War 
Eagle  mine  of  War  Eagle  Coal  Co.,  3  miles 
northeast  of  War  Eagle.  War  Eagle  No.  2 
bed.  Sample  cut  in  first  room  on  right 
off  main  entry,  200  feet  from  mine  mouth, 

I  Not  included  in  sample. 
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on  June  6,  1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  point  of  sampling 
is  as  follows: 

Section  of  coal  bed  in  War  Eagle  mine. 

Ft  in. 

Coal,  laminated 7 

Coal,  lustrous 2      9 

Coal,  bony 2 

Coal,  lustrous 2      8 


6      2 

17476.  Bituminous  coal  from  Papoose 
mine  of  War  Eagle  Coal  Co.,  2  miles 
east  of  War  Eagle.  War  Eagle  No.  1  bed. 
Sample  cut  in  fifth  left  entry  off  main 
straight  entry,  600  feet  from  mine  mouth, 
on  June  6,  1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  point  of  sampling 
is  as  follows: 

Section  of  coal  bed  in  Papoose  mine. 

Ft  In. 

Coal,  lustrous,  with  sulphur  streaks  5 

Clay* i 

Coal,  lustrous 9 

Coal,  splint 8 

Coal,  lustrous 9 

Clay  1 2 

Coal,  lustrous 2  10 


5    7i 


_  • 

17477.  Bituminous  coal  from  same 
mine  as  No.  17476.  Sample  cut  at  head- 
ing No.  5  drift,  1,200  feet  from  mine 
mouth.  Ssunple  dry.  Section  at  point 
of  sampling  is  as  follows: 

Section  of  coal  bed  in  Papoose  mine. 

Ft   In. 

Coal,  lustrous 1      1 

Coal,  splint 11 

Clay* 5 

Coal,  lustrous 4 

Coal,  splint 9 

Coal,  lustrous 2      7 


17478.  Bituminous  coal  from  Mephisto 
mine  of  War  Eagle  Coal  Co.,  3  miles  north- 
east of  War  Eagle,  War  Eagle  No.  1  bed. 
Sample  cut  at  heading  of  second  left  air 


course,.  500  feet  from  mine  mouth,  on  June 
6,  1913,  by  Eugene  Stebinger.  Sample 
dry.  Section  at  point  of  sampling  is  as 
follows: 

Section  of  coal  bed  in  Mephisto  mine. 

Ft   in. 

Coal,soft 2      7 

Clay* 6 

Coal,  hard 1 

Coal,  soft 2 


6      1 

17479F.  Bituminous  coaL  Composite 
of  samples  17476, 17477,  and  17478. 

17480.  Bituminous  coal  from  Bu£talo 
mine  of  Buffalo  Collieries  Co.,  1  mile  east 
of  Chataroy.  Thacker  bed.  Sample  cut 
in  prospect  entry  60  feet  in  on  May  30, 
1913,  by  Eugene  Stebinger.  Sample  wet. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Buffalo  mine. 

Ft   in. 

Coal,  lustrous 2      7 

Clay* 4 

Coal,  imder  water ' 6 


17481.  Bituminous  coal  from  Winifrede 
mine  of  Williamson  Coal  &  Coke  Co.,  1 
mile  east  of  Williamson.  Thacker  bed. 
Sample  cut  in  new  prospect  drift  60  feet 
in  on  May  31, 1913,  by  Eugene  Stebinger. 
Sample  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  Thacker  coal  bed  in  Winifrede 

mine. 

Ft    in. 

Coal,  dull 7 

Clay* J 

Coal,  lustrous 2  4 

Clay* 1 

Coal,  lustrous 8 


1  Not  included  in  sample. 


3    8J 

17483.  Bituminous  coal  from  mine  of 
Red  Jacket,  Jr. ,  Coal  Co. ,  4  miles  northeast 
of  Matewan.  Thacker  bed.  Sample  cut 
in  room  15  on  left  off  main  entry,  1,200 
feet  from  mine  mouth,  on  June  2, 1913,  by 

1  Not  Included  in  sample. 
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Eugene  Stebinger.    Sample  dry.    Section 
at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Red  Jacket,  Jr,,  mine. 

Ft  In. 

Coal,  lustrous 1  4 

Coal,  splint 8 

Coal,  lustrous 2  3 

4      3 
WYOMINa. 
C0WZB8E  COUHTT. 

17657.  Subbituminous  coal  from  mine 
of  Fairview  Coal  Co.,  in  NE.  J  sec.  5,  T. 
33  N.,  R.  75  W.,  at  Glenrock.  Sample 
cut  in  mine  200  feet  northeast  of  shaft  on 
August  15,  1913,  by  J.  B.  Reeeide,  jr. 
Sample  wet.  Section  at  point  of  sam- 
pling is  as  follows: 

Section  of  coal  bed  in  Fairview  Coal  Co, 

mine. 

Ft   In. 

Coal 1      4 

Shale  1 2 

Coal 5 

6      6 

17658.  Subbituminous  coal  from  mine 
of  Glenrock  Coal  Co.,  in  NE.  J  SW.  J  sec. 
4,  T.  33  N.,  R.  75  W.,  one-fourth  mile  east 
of  Glenrock.  Sample  cut  in  mine  75  feet 
N.  34°  E.  of  main  entry  on  August  15, 
1913,  by  J.  B.  Reeside,  jr.  Sample  dry. 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  mine  of  Glenrock  Coal 

Co. 

Ft   in. 

Coal 11 

Bone 4 

Shale 2 

CoaP 5      4 

6      9 

17722F.  Subbituminous  coal  from  mine 
of  Big  Muddy  Consolidated  Coal  Co.,  in 
SE.  i  sec.  26,  T.  34  N.,  R.  77  W.,  at  Big 
Muddy.  Upper  Big  Muddy  bed.  Sam- 
ple cut  300  feet  down  slope  on  September 
12,  1913,  by  J.  B.  Reeside,  jr.  Sample 
fresh  and  dry.  Section  at  point  of  sam- 
pling is  as  follows: 

^  Not  included  in  sample. 
*  Part  sami>led. 


Section  of  coal  bed  in  mine  of  Big  Muddy 
Consolidated  Coal  Co. 

Ft  In. 

Coal 4 

Bone* 1 

4      1 

17723F.  Subbituminous  coal  from  mine 
of  Big  Muddy  Consolidated  Coal  Co.,  in 
NW.  i  sec.  36,  T.  34  N.,  R.  77  W.,  at  Big 
Muddy.  Lower  Big  Muddy  bed.  Sam- 
ple cut  in  mine  40  feet  from  mouth  of 
unused  slope  on  September  12,  1913,  by 
J.  B.  Reeside,  jr.  Sample  represents  4 
feet  3  inches  of  coal,  entire  thickness  of 
bed.  Sample  dry,  hard,  and  unweath- 
ered. 

17902.  Subbituminous  coal  from  a 
prospect  in  SE.  J  sec.  9,  T.  33  N.,  R.  75 
W.,  2  miles  south  of  Glenrock.  Sample 
cut  in  prospect  40  feet  from  mouth,  on 
October  15,  1913,  by  J.  B.  Reeside,  jr. 
Sample  dry  Section  at  point  of  sampling 
is  as  follows: 

Section  of  coal  bed  in  prospect. 

Ft    In. 

Bone* 4 

Coal 3 

3      4 

FBSXOITT  OOTTHTY. 

17584.  Subbituminous  coal  from  pros- 
pect insec.  25, T.  42  N.,  R.  108  W.,  8  miles 
northwest  of  Dubois.  Sample  cut  10  feet 
from  mouth  of  prospect  by  D.  Dale  Con- 
dit.  Sample  wet  and  weathered.  Sec- 
tion point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  prospect. 

Ft   in. 

Clay  with  lenses  of  coal 2  6 

Coal 3 

Clay 1  5 

CoaP 10 

Shale,  gypsiferous ^ 

CoaP 1  1 

Coal,  bony 2 

Coal' •.  7i 

Clay 1  7 

Coal 6J 

Clay 4 

Coal 2J 

1  Not  included  in  sample, 
s  Part  sampled. 


526        CONTRIBUTIONS  TO  ECONOMIC  GBOLOGY,  1912,   PABT  H. 


Olay. 
Goal. 


BOX  tPuvoB  ooTnmr. 


Ft.    in. 
4 
. 5J 

10  41 


17709.  Subbituminous  coal  from  mine 
of  Vede  Putney,  in  sec.  24,  T.  44  N.,  R. 
99  W.  Putney  bed.  Sample  cut  at  face 
of  room,  70  feet  S.  65®  W.  from  a  point  in 
the  main  entry  80  feet  from  the  mouth,  on 
August  27, 1913,  by  D.  F.  Hewett.  Sam- 
ple weathered  (?).  Section  at  point  of 
sampling  is  as  follows: 

Section  of  coal  bed  in  mine  of  Vede  Putney, 


Coal 

Coal,  bony. 

Coal 

Shale  ^... 

Coal* 

Shale*.... 
CoaP 


Ft  In. 

1    1 

3 

2    1 

1 

4 

3 

6 

4    7 

17830.  Subbituminous  coal  from  pros- 
pect of  E.  L.  Gwynn  in  sec.  1,  T.  45  N., 
R.  99  W.  Bed  B.  Sample  cut  in  prospect 
40  feet  from  mouth  and  30  feet  west  on 
September  15,  1913,  by  D.  F.  Hewett, 
Section  at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  prospect  of  E.  L. 

Gwynn. 

Ft   In. 

1    2 

6 

2 

1 

1 

5 

4 

1    6 

4 

8    3 

1  Not  included  in  sample. 
*  Part  sampled. 


Coal.. 
Shale. 
Coal . , 
Shale. 
Coal . . 
Shale. 
CoaP. 
Shale. 
Coal.. 


17731.  Subbituminous  coal  from  Owl 
Cisek  mine  of  Berry  Bros,  in  sec.  28,  T. 
44  N.,  R.  98  W.  Sample  cut  in  south 
wall  of  entry,  40  feet  from  mine  mouth,  m 
August  27,  1913,  by  D.  F.  Hewett.  Sec- 
tion at  point  of  sampling  is  as  follows: 

Section  of  coal  bed  in  Owl  Creek  mine. 


Coal.. 
Shale. 
Coal.. 
Shale. 
Coal». 


KATBOHA  COmfTT. 


Ft 

iEL 

3 

9 

4 

2 

2 

11 

3    10 


17778.  Subbituminous  coal  from  pros- 
pect in  SE.  J  sec.  22,  T.  33  N.,  R.  78  W., 
7  miles  southeast  of  Casper.  Sample  cut 
in  prospect  40  feet  from  mouth  on  Sep- 
tember 22,  1913,  by  J.  B.  Reeaide,  jr. 
Sample  dry;  weathered  (7).  Section  at 
point  of  sampling  is  as  follows: 


Section  of  coal  bed  in  prospect. 


Coal.. 
Bone  *. 


Ft  in. 

2 

3 

2      3 

17895.  Subbituminous  coal  from  pros- 
pect in  the  SW.  J  sec.  13,  T.  36  N.,  R.  79 
\V.,  5  miles  north  of  Casper.  Sample  cut 
20  feet  in  prospect  on  October  12,  1913, 
by  J.  B.  Reeside,  jr.  Sample  weath- 
ered (?).  Section  at  point  of  sampling  is 
as  follows: 


Section  of  coal  bed  in  prospect. 


Ft   in. 


Bone.. 
Coal.. 
Bone  ^. 


i 


3 
5 


2    Si 


1  Part  sampled. 

*Not  included  in  sample. 


INDEX. 


A. 


Page. 


Alftbama,  coals  of ,  analyses  of 4M 

ooals  of ,  descrtptkm  of MS 

Allegheny  formation,  ooourrenoe  and  charao- 

t«rof. 10 

Amesor^Crinoidal'' member,  oocurranoe  and 

characterof 10 

Amsterdam,  Ohio,  coal  near 10 

oil  pools  In 15-17 

Anderson,  M.  J.,  work  of 400 

Arkansas,  gas  in.    See  Fort  Smith-Poteau  gas 

field. 
Ashley,  Q.  H.,  on  Rhode  Island  anthracite.  156-162 

work  of. 400 

Atoka  formation,  oocmrence  and  character  of  24-26 

oil  found  in : 26 

B. 

Backbone  anticline,  location  and  character  of.  26-27 
Backbone  faolt,  oocmrence  and  character  of .  29 
Bamett,  V.  H.,  on  Douglas  oil  and  gas  field, 

Wyo 49-88 

Barstow-Kramer  region,  Cal. ,  geography  of. .      142 

geologic  mapping  of. 141-142 

geology  of 144-151 

previous  knowledge  of 143 

oil,  conclusions  as  to  presence  of  oil 

In 141,15^154 

wells  drlUed  for 151-152 

paper  on 141-154 

reconnaissance  map  of 152 

structure  of. 161 

topography  of 142-143 

Bassler,  Harvey,  work  of 338,356 

Bauer,  C.  M.,  on  lignite  In  vicinity  of  Plenty- 

m^ood  and  Scobey,  Mont 293-315 

Bearpaw  shale,    occurrence   and  character 

of 348,363-364 

Benton  shale,  faults  cutting  sandstone  in, 

flgureshowing 68 

fossils  from 62 

occurrence  and  distribution  of 62 

section  showing  structure  of 62 

Berea  sand,  character  of,  in  Cadis  quad- 
rangle, Ohio 12,13,14 

Big  Injun  sand,  character  of  sandstone  in 10 

location  of 10 

Big  Sandy  coal  field,  Mont.,  access  to 357 

coal  l>eds  in,  development  of 367-378 

coal  in,  analyses  of  samples  of 376 

occurrence  of 366-372 

properties  of. 372-377 

geologic  map  of 372 

explanatkm  of. 357 

geology  of : 358-366 

paper  on 366-378 

secttonsofcoal  beds  in,  figure  showing...     373 


Page. 

Big  Sandy  coal  field,  Mont.,  strocture  of. 366 

topography  of 868 

Biswell  Hill  anticline,  looatfon  and  character 

of.... 27 

Boggy  shale,  occurrence  and  character  of —       26 

Bokoshe  syncline 2f 

Boiling  coal  beds,  Virginia,  occurrence  and 

characterof. 196-190 

Book  Cliffs  coal  field,  Utah,  location  of 463 

Boone  limestone,  depth  of,  in  Qlenn  pool, 

Okla 41 

occurrence  and  character  of 37 

Bowen,  C.   F.,  on  Big  Sandy  coal  field, 

Mont 356-^8 

on  Cleveland  coal  field,  Mont 338-356 

on  coal  discovered  between  Musselshell 

and  Judith,  Mont 329-337 

Buck  Knob  anticline,  locality  and  character 

of 182-183 

Butts,  Charles,  on  coal  resources  of  Pound 

quadrangle,  Va.-Ky 166-221 

C. 

Cadiz  Junction,  Ohio,  wells  near 14 

Cadix  quadrangle,  Ohio,  northern  part  of, 

field  work  in 9 

geology  of 10-14 

location  of 9 

map  of 9 

oil  and  gas  sands  In 12 

structure  of 13 

oU  pools  in 15-17 

paper  on  oil  and  gas  In 9-17 

salt-water  saturation  of  sand  in 14-16 

wells  in,  records  of 11 

Campbell,  M.  H.,  analyses  of  coal  samples 

from  various  fields 491-626 

introduction  by 7 

on  coking  coal  in  Powell  Mountain,  Va.  163-164 

work  of 244,399,400 

Cannonball  marine  member,  occurrence  and 

characterof 249-250 

Cannonball  River  lignite  field,  N.   Dak., 

agriculture  of 247 

commercial  relations  of 245-246 

field  work  in 244-246 

geography  of 245-246 

geologic  map  of  central  part  of 290 

geologic  map  of  western  part  of 282 

geology  of 246-252 

lignite  beds  in  eastern  part  of 200-201 

lignite  in,  analyses  of  samples  of 256-258 

chemical  composition  of 255-261 

description  of,  by  townships 263-290 

distribution  of. 25»-284 

mining  of 261-263 

627 


528 


INDEX. 


Page. 
Cannonball   River  lignite  field,  N.   Dak., 

lignite  in,  physical  properties  of.      254 

lignite  in,  tests  on  samples  of 260 

location  and  extent  of 243-244 

map  of  North  Dakota  showing 243 

paper  on 243-291 

previous  publications  on 245 

topography  of 246 

California,  reconnaissance  of  Borstow-Kramer 

region 141-154 

Casper  formation,  fossils  from 56-57 

occurrence  and  character  of 55-56 

sections  showing  structure  of 56 

Cavanal  syncllne,  location  and  character  of . . .       28 
Oherokee  shale,  occurmnce  and  character  of. .  39-40, 

230 
Choctaw  fault,  occurrence  and  character  of. . .       29 
Chugwater  formation,  occurrence  and  char- 
acter of 50 

Claggett  formation,  occurrence  and  character 

of 344,361-362 

Clark,  B.  W.,  work  of 244 

Clark,  F.  R.,  on  coal  near  Thompson,  Utah.  453-477 

on  coal  near  Wales,  Utah '....  478-489 

Clark,  O.  W.,  work  of 478 

Clark,  H.,  work  of 453 

Cleveland  coal  field,  Mont.,  coal  in,  analyses 

of  samples  of 354 

coal  in,  development  of 355 

occurrence  and  dbttrfbution  of 34&-351 

properties  of. 351-355 

geography  of 339 

geologic  map  of 350 

explanation  of 339 

geolocy  of 340-349 

location  of 338 

map  showing 294 

pai>€r  on 33}^355 

"Cloverly"  formation,  occurrence  and  ciiar- 

actx?r  of f»l,9.V96 

section  showinR  stnict-,:ro  of 96 

Coal  and  lignite,  papers  on 155-520 

Coal,  classification  of 494-495 

miscellaneous  samples  of 491-494 

analyses  of 49C-507 

descTiptlon  of 50J^526 

8€e  also  particular  districts^  places,  etc. 

Collier,  A.  J.,  work  of 23 

Colorado,  coals  of,  analyses  of 496-497 

description  of 5aS-5I0 

Colorado  shale,  correlation  of 107-l!i8 

fossiLs  from 64-65, 99 

occurrence  and  character  of.  02-0.3, 90-99, 342-3 13 
sections  showing  structure  of  lower  and 

middle  members  of 97-98 

Condit,  D.  D.,  on  oil  and  gas  in  Cadiz  qiati- 

rangle,  Oliio 9-17 

Custer,  Mont.,  coal  fields  southwest  of,  access 

to 317 

coal  fields  southwest  of,  coul  bed  in,  map 

showing 325 

coal  in 3*23 

occurrence  and  character  of 323-327 

quality  of 327-32S 

quantity  of 328 

development  in,  outlook  for 328 


Page. 
Coster,  Mont.,  ooal  fields  southwest  of,  field 

work  in. 317 

ooal  fields  southwest  of,  geology  and  coal 

resources  of,  pai>er  on 316-328 

geology  of 319-323 

map  of,  and  sections  of  coal 326 

structure  of. 321-32S 

topography  of 317-319 

D. 

Dakota  sandstone,  occurrence  and  character 

of. 128,431 

Davies,  R.  O.,  work  of 142 

Dayton  oil  field,  N.  Mex.,  development  of. .  135-137 

geology  of 1 37- 139 

location  of,  sketch  map  showing 135 

oil  in,  analyses  of 137 

discovery  of 135 

occurrence  of 139 

well  in,  log  of 138 

Douglas  oil  and  gas  field,  Wyo.,  diacovery  of 

oil  in 49-50 

faults  cutting  sandstone  in  Benton  shale.       68 

field  work  in 51-52 

f ossi  1  plan  ts  from 66 

future  development  of 88 

gas  in,  analyses  of 71-72 

character  of. 71 

geology  of 53-68 

igneous  rocks  in 67 

land  surveys  in. 52^ 

location  of tf 

index  map  showing 49 

map  of 88 

dl  and  gas  in,  occurrence  of. 68-69 

oil  in,  analyses  of 71 

character  of. 79-71 

origin  of 72 

production  of 88 

paper  on 49-88 

structure  of 67-68 

topography  of 53 

TCgetable,  fuel,  and  water  supply  of 50 

wells  and  well  logs  in,  details  of 74-87 

interpretation  of 74 

wells  in 73-74 

E. 

Eagle  sandstone,  ooal  in 334-335, 367-360 

occurrence  and  character  of 343-344, 359-360 

Eden  Ridge  coal  field ,  Oreg. ,  access  to 399 

coal  beds  in,  local  features  of 406-410 

coal  in,  chemical  analyses  of 411-418 

dLstribution  of 404-406 

general  character  of 401 

quality  of 406 

tests  of,  results  of 417 

diagram  showing  percentage  of  ash  and 

heating  value  of  coal  from 415 

field  work  in 400 

geology  of 402--103 

location  of 399 

map  of  southwestern  Oregon,  show- 
ing       400 

map  of 404 

sections  of  coal  beds  in,  plate  show!  ng . . .     406 


INDEX. 


529 


Pace. 
Eden  Ridge  coal  field,  Oreg.,  structure  of. . . .     403 

surteoe  features  of 401 

Elliott,  Frank,  work  of 51 

EUJb  tbnnatkm,  occurrence  and  character 

of 341-342 

F. 

Farmer,  Frank,  work  of 142 

Fayetteville  formation,  occurrence  and  char- 
acter of 37-38 

FOT«Ue  limestone,  occurrence  and  character 

of 58 

Fort  Scott  limestone,  formations  above 40 

occurrence  and  character  of 40 

Fort   Smith-Poteau   gas   field,  Ark.-Okla., 

field  work  in 23 

geology  of 24p-33 

location  and  description  of 23 

map  of 32 

oil  fai,  probabflity  of  striking 31 

structure  of,  general  character  of..'. 26 

theory  as  to  source  of  oil  and  gas  in 31 

topography  of 23-2< 

wells  in,  records  of 32-33 

Fort  Union  formation,  cool  hi 370-372 

correlation  of 100 

fossils  hi 107 

occurrence  and  character  of 65, 

104-106, 250-251, 29»-300 
sections  showing  structure  of 106 

Fox  Hills  sandstone,  occurrence  and  charac- 
ter of 248 

occurrence  of ,  in  Montana  group 64 
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Gas  and  petroleum,  papers  on 9-154 

See  also  particular  dUtricUf  placei,  etc. 

Oebo  formation,  correlation  of 108 

fossils  from 101 

occurrence  and  character  of 100-101 

section  showing  structure  of 101 

Germane  basin,  location  of 14 

Gillan,S.  L.,  work  of 142 

Glacial  drift,  occurrence  and  character  of...  301,348 
Glacier  coal  field.  Wash., cool  beds  in,  charac- 
ter of 392-393 

coal  in,  character  of. 392 

geology  of 390-392 

location  of 389-390 

map  showing 389 

paper  on 389-398 

prospects  in,   location  and  description 

of 393-398 

structure  of 892 

sur£ace  features  of 390 

Gladcville  sandstone,  occurrence  and  charao- 

tcrof 173 

Glenn  oil  and  gas  field,  Okla.,  cross  section 

showing 43 

field  work  in 34 

geology  of 35 

location  of 34 

map  of 48 

paper  on 34-48 

quality  of  oil  in. 47 

structure  df 42 
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Glenn  oil  and  gas  field,  Okla.,topography  of.       34 

Green  River  oil  and  gas  field,  Utah,  field 

work  in 115-117 

history  of  development  of 117-121 
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locatk>n  of,  index  map  showing 116 

map  of 132 

oil  accumulation,  theory  of 131-132 

paper  on 115-133 

stratigraphy  of 123-129 

structure  of 129-131 

topography  of 121-122 
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Griswold,  W.  T.,  work  of 9 
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Harlan  sandstone,  occurrence  and  character 

of 176-177 

Hamsberger,  T.  K.,  work  of 164,366 

Hartford  antklinc,  gas  wells  in 28 

location  and  character  of 27-28 

Hartshomo  sandstone,  conl  beds  above 25 

occurrence  and  character  of 25 

Heavener  anticline,  location  and  character  of. .       28 
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ter of 230 
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Hollis,  Harry,  work  of. 400 
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geology  of 382 

locationand  extentof 379 

index  map  showing 380 

map  and  sections  of 388 

paper  on 379-388 
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Ho  formation,  fossils  in 104 

occurrence  and  character  of 103-104 

section  showing  structure  of 104 

Indian  Creek  syncline,  locality  and  character 

of 182-183 
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Jaquet,  J.  R.,workof 357 

Judith  River  formation,  coal  In. . , .  335-337, 369-370 

occurrence  and  character  of 345-348 
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K. 
Kansas  City  formation,  occurrence  and  cbar- 

aoterof 229 

Kentucky,  coal   resources    of.    See   Pound 

quadrangle. 
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Lance  formation,  oocmrence  and  character  of.      65, 

249-250.298, 319-321 
oocorrence  of  Cannonball  marine  member 

in 249 

Landes,  Prof.  Henry,  work  of. 389 

La  Plata  sandstone,  occurrence  and  character 

of 125 

Lee  formation,  coal  beds  of 184-185 

correlation  of 1 80 

occurrence  and  character  of 170-171 

Lee,  Wallace,  work  of 31 7 

Lesher,  C.  E.,  on  Eden  Ridge  coal  field, 

Oreg 399-418 

Lloyd,  E.  R.,  on  Cannonball  River  lignite 

field,  X.  Dak 243-291 

Low  Splint  coal  bed,  Virginia,  occurrence  and 

character  of. 202-203 

Lupton,  C.  T.,  on  oil  and  gas  near  Green  River, 

Utah 115-133 
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Madison  limestone,  occurrence  and  character 

of. 341 

Mancos  shale,  occurrence  and  character  of 1 28 

Massard  Prairie,  Ark.,  discovery  of  natural 

gas  in 23 

Massard  Prairie  anticline,  gas  wells  in 27 

location  and  character  of. 27 

M  cAl  ester  shale,  occurrence  and  chara  terof..       25 

McElmo  formation,  gas  in 127 

occurrence  and  character  of 125-127 

Salt  Wash  sandstone  member  of 127 

section  showing  structure  of 126 

Meeteetse  formation,  coal  in 102 

occurrence  and  character  of 102 

section  showing  structure  of 103 

Milton  anticline,  part  of,  location  and  charac- 
ter of 28 

wells  sunk  in 28 

Mississii)pi  River,  gas  from  mud  lumps  at 

mouths  of 19-22 

Misjlsslpplan  rocks,  distribution  of,  in  Pound 

quadrangle,  Va.-Ky 1G9 

occurrence  and  character  of,  in   Cadiz 

quadrangle,  Ohio 10 

Missour  i ,  northeastern ,  coal  beds  of 231-235 

coal  of,  chemical  analyses  of 235-239 
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methods  of  mining 241 
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future  prospects  of 242 

geo;n'aphy  and  topography  of 224 
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Montana,  coal  in.  See  Big  Bandy  coal  field; 
Cleveland  coal  field;  Musselshell 
and  Judith. 

ooab  of ,  analyses  of 49 
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gwAogy  and  coal  resources  of.    See  Custer, 
lignite  in.   See  Plentywood  and  Soobey. 
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Fox  Hills  sandstone,  occurrence  in 64 

occurrence  and  character  of 63-^ 

Pierre  formation,  occurrence  in 64 

section  showing  structure  of 63-64 

Montreal  anticline.   See  Poteau  anticline. 

Moore,  R.  C.,workof. 317 

Morrison  formation,  occurrence  and  character 

of 60,61,94-95,431 

section  showing  structure  of 95 

Morrow  formation,  occurrence  and  character 

of 38-39 

Mud  lumps  at  the  mouths  of  the  Mississippi, 

composition  of  gas  from 20-22 

conclusions  reached  regarding 23 
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mud  springs  a  feature  of 30 

occurrence  and  character  of 19 

Munn,  M.  J.,  work  of 9 
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in 334-335 

ooal  in  Judith  River fbrmation  in. .  335-337 

field  work  in 329 

geologic  map  of 336 

geology  of 331-334 

location  of 329 

index  map  showing 294 
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Natural  gas.    See  Gas. 

Neumann,  L.  M.,  work  of ^ 244 

New  Mexico,  coals  of,  analyses  of 498-499 

coals  of,  description  of 511-512 

geology  and  coal  resources  of.    See  Sierra 

Blanca  coal  field, 
petroleum  in.    See  Dayton. 
N  iobrara  shale,  occurrence  and  character  of. .       63 
North  Dakota,  lignite  in.    See  Cannonball 
River  lignite  field. 

Norton  formation,  coal  beds  of 185-188 

correlation  of lSO-181 

correlation  of  coal  beds  of 172-173 

occmrence  and  character  of 171-172 
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Ohio,  oil  and  gas  in.    See  Cadix  quadrangle. 

Oil  and  gas,  theory  as  to  source  oT 29-30 

Oklahoma,  crude  oil  from,  analyses  of 48 

oil  and  gas  in.    See  Fort  Smith-Poteau 
gas  field;  Glenn  oil  and  gas  pool. 
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Pock,  R.  W.,  on  reconnaissance  of  Bantow- 
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Pardee  coal  bod,  OGCUircnce  and  character 

of 2M-205 
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acter of 182 
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